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Wee BOOKS 


Ready this month — 
WEED CONTROL: AS A SCIENCE 


By GLENN C. KLINGMAN, North Carolina State College; with the 
editorial assistance of Lyman J. Noordhoff, U. S. Department of Agriculture. 
Even though the science of weed control has advanced more in the last 20 
years than in the preceding fifty centuries, this new book will enable any 
reader to keep right up to date with this fast-growing field. It offers full 
coverage of the subject, from the scientific foundations of weed control to 
practical control methods for particular plants and crops and from “old 
reliable’’ methods to the very latest chemical techniques. The book is divided 
into three parts: 





Part I — sets forth the scientific foundations of weed control by pre- 
senting basic information on plant physiology, soils, herbicides, and the 
problems involved in applying herbicides. 


Part II — deals with the chemical and physical properties of the 
different kinds of herbicides, the effect of these herbicides on plants, and 
their toxicity to man and animals. 


Part III — offers valuable material on practical applications, covering 
such subjects as weed control methods for corn, sorghum, soybeans, peanuts, 
potatoes, wheat, oats, barley, flax, small seeded legume crops, vegetable 
crops, small fruits, tree fruits, and pastures and range. 


In addition, there is an instructive and useful appendix, which lists 
the common and the scientific names of 690 weeds. These are classified 
according to length of life; and, whenever it is known, their tolerance to 
2,4-D, 2,4,5-T, and silvex is given. 


1961. Approx. 440 pages. Prob. $8.50. 


Send for an examination copy. 


JOHN WILEY & SONS, Inc. 
440 Park Avenue South New York 16, N. Y. 
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Now nutgrass, seedling Johnson grass 
and annual grasses can be controlled in 
Irish potatoes. You can stop them before 
they start with one application of EPTAM 
herbicide applied directly to the soil. 

EpTaAM knocks out nutgrass and an- 
nual grass seed as they germinate. 
Potato plants have a full chance to 
grow without competition for moisture 
and plant foods. You save money on 
cultivations, and havea cleaner 
crop to harvest. 

Liquid and granular for- 
mulations of EPTAM are avail- 
able. Follow directions on the 


Stauffer 


—~s” 


label for timing of application. Immedi- 
ately after application incorporate (mix) 
EpTAM thoroughly in the soil. Now 
you are ready to grow potatoes without 
grass! 

EPTAM 
control of annual grasses in snap and 
pole beans, dry beans, alfalfa, birds- 
foot trefoil and other small seeded 
legumes. For more details, see your 
dealer, or write to Stauffer 
Chemical Company, Agricul- 
tural Chemicals Division, 380 
Madison Avenue, New York 
17, New York. 


@Stauffer’s Reg. T. M. for an herbicide. 


is also recommended for 








ATLACIDE: S.ier chlorate weed 
killer...widely used for non-selec- 
tive eradication of bindweed, Can- 
ada thistle, quack grass, Johnson 
grass and other tough perennials. 
Kills roots. ..discourages regrowth. 
Applied dry or dissolved in water. 


ATLACIDE-2,4-D: Offers dual 
killing action of sodium chlorate 
and 2,4-D. 


CHLOREA: A combination of so- 
dium chlorate, borate and monuron 
in powder form. Kills weeds and 
grasses. Combines the proven effec- 
tiveness of chlorate on deep-rooted 
weeds with the soil-surface action of 
monuron on shallow-rooted grasses 
and annual seedling growth. Lasting 
residual effect inhibits new growth. 
Does not create a fire hazard when 
used as directed. Applied dry or as 
a water-mixed spray. 


CHLOREA GRANULAR Similar 
to Chlorea, but a “pelletized” mate- 
rial. No mixing...easy to apply by 
hand or with mechanical spreader. 


CHLORAX “40”: A composition 
of sodium chlorate and borate. . .for 
weed and grass control. Has lasting 
residual effect. Does not create a fire 
hazard. Applied dry or as a spray. 





Write for Weed Control Bulletins 


ATLAS “A”: A 40% sodium arse- 
nite solution (4 Ibs. arsenic trioxide 
per gal.). Destroys vegetation and 
algae in ponds and lakes. Controls 
certain turf weeds. Used as general 
weed killer and to kill trees and 
stumps. Also used to kill potato 
vines prior to harvesting. 


ATLAS “A” SP: A spray powder 
containing 94% sodium arsenite. 
Used for the same purposes as Atlas 
“A”. Applied as a _water-mixed 
spray. 

CHIP-CAL: Special low-lime cal- 
cium arsenate formulation in gran- 
ular and spray powder forms. Used 
as crabgrass preventative for estab- 
lished turf. Applied before crab- 
grass seed starts to germinate. Treat 
ment lasts for several years. 


2,4-D & 2,4,5-T: 24-D Amine 
and 2,4-D Ester liquids; 2,4—-D 
Ester dusts; Low Volatile 2,4,5-T 
and Brush Killer. 

METHOXONE: Contains MCP so- 
dium salt. Used for control in small 
grains, flax, rice and grass. Controls 
same weeds as 2,4-D; considered 
safer for selective spraying. 


BUTOXONE: A liquid containing 
4-(2,4-DB). For selective control of 
many broadleaf weeds in established 
alfalfa and certain other legumes. 





CHIPMAN CHEMICAL COMPANY, INC. 


Chicago, Tl. 
Palo Alto, Calif. 


Bound Brook, N. J. 
Pasadena, Tex. 


Portland, Ore. 
Bessemer, Ala. 


Manufacturers of Weed Killers Since 1912 
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nozzle for 
effective 
spraying 


Supplied in a full range of interchange- 

able orifice tip and strainer sizes to 

meet every capacity ary tee Tee- 

Jet Spray Nozzles for Weed Control by 

spraying make it possible to take max- : 

imum advantage of the chemical and §& TEEJET 
sprayer unit. TeeJet nozzles are pre- i. SPRAY 
cision built and provide a flat spray ff . NOZZLE 
with uniform distribution. Atomization aes pe 
is properly controlled to give coverage peng 
with an absolute minimum of driftage. 

Patented tip design, with set-back 

orifice opening protects precision orifice 

from accidental damage. TeeJet spray 

nozzles are built for use on spray booms 

and portable sprayers. 


OFF-CENTER SPRAY NOZZLES ’ TEEJET 

SPRAY 

Spraying Systems Spray Nozzles with TeeJet ‘ NOZZLE 

tips are supplied in a variety of special body female pipe 

types to meet any unusual spraying require- connection 
ment. For example, one type of off-center 
spray nozzle with swivel y provides a flat 
spray up to 35 feet wide for spraying areas 
with a single nozzle, that are not accessible 

with a boom. 

INTER- 

CHANGE- 

ABLE 

ORIFICE TIPS 

‘ flat and cone 

spray types 


SUPPLEMENTARY EQUIPMENT 
Complete accessories relating to nozzle use are sup- 
plied. These include strainers, special nozzle fittings 
and hand valve equipment. 
TeeJet Spray Nozzles are cugytias for Weed Control... 
as well as all other types icultural spraying. For 
complete information and reference data write for 
Catalog 30. 


PRAYING SYSTEMS CO. 


3296 RANDOLPH STREET BELLWOOD, ILLINOIS 








For Agriculture and Industry . . . 


Du Pont 
WEED KILLERS 


offer new economies 
and efficiency in killing 
weeds, grass and brush 


KARMEX® diuron for weed control in many crops; irrigation 
and drainage ditches; and industrial areas. 


KARMEX® DL for pre-emergence weed control in cotton. 


TELVAR® monuron for weed control in many crops; irrigation 
and drainage ditches; and industrial areas. 


KLOBEN® neburon for weed and grass control in nursery plant- 
ings and tomatoes. 


DYBAR® fenuron—a pelleted product for dry application to the 
soil for control of brush in fence rows, drainage ditches, utility 
and railroad right-of-ways, and other non-cultivated areas. 


TRYSBEN® 200, a new weed killer based on trichlorobenzoic 
acid, for control of bindweed and other noxious weeds; mixed 
broadleaf weeds; and certain woody vines and brush. 


AMMATEG® X for long-term, low-cost brush control. 


®t6 us pat orf 


Better Things for Better Living. ..through Chemistry 
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Spray Retention by Bermudagrass' 
B. E. Day and L. S. Jorpan? 


le field practice much of the application of herbicides to local 
infestations of bermudagrass (Cynodon dactylon L.) is done by 
hand on a spray-to-wet basis. With a fixed concentration of active 
ingredient in the spray mixture the dosage is determined by the 
volume used in wetting a particular stand of grass. The amount of 
herbicide deposited on the weed foliage may be affected by the addi- 
tion of surfactants to the spray mixture (1). In orchards and vine- 
yards where the tolerance of the crop to the herbicide is limited, 
variations in the stand may lead to local overdosage and injury to 
the trees and vines. 

As an approach to better control of dosage, this paper presents 
information on the capacity of stands of bermudagrass to retain 
water and surfactant solutions and on the quantity and distribution 
of the liquids on the grass as affected by the growth habit and total 
amount of vegetation. 


METHODS 


Bermudagrass in an avocado orchard was mowed to one-half inch 
stubble and allowed to regrow to an average height of four to five 
inches. One-foot-square plots chosen at random were clipped back 
to the stubble and the fresh weight of the grass was determined. 
Retention of water by the grass was determined by weighing indi- 
vidual shoots suspended from a hook on a balance and then dipping 
the shoots in distilled water or water containing varying amounts of 
the surfactant sodium dioctylsulfosuccinate* and weighing again 
after the last drop of runoff had fallen. Total water retention per 
acre of grass was then calculated. Ten randomly selected shoots were 
used in each determination. 

The grass from ten plots was clipped to one-half-inch height and 
weighed. Randomly chosen shoots were weighed, dipped in 0.01 
percent surfactant solution, and weighed again after runoff had 


*Received for publication August 19, 1960. Paper No. 1282, University of Cali- 
fornia Citrus Experiment Station, Riverside, California. 

*Associate Plant Physiologist and Assistant Plant Physiologist, respectively, 
Department of Horticulture, University of California Citrus Experiment Station, 
Riverside, California. 

*Vatsol OT. This was the surfactant used throughout this investigation. 
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stopped. Dead tissues were removed from the shoots which were 
then wiped dry with absorbent tissue, and the procedure of weigh- 
ing, wetting, and reweighing was repeated. Shoots from which dead 
tissues had been removed could be wiped dry and restored to their 
original weight. Next the leaf blades were removed and the solution 
retention of the stems with enclosing leaf sheaths was determined. 
In this way the amount of solution held by the whole shoot and the 
proportion held by the leaf blades, stems, or dead tissues was 
individually estimated. 

The effect of variation in growth habit on water retention by 
bermudagrass was also measured. The stand and growth habit of 
bermudagrass is known to vary with environmental conditions (2). 
Under arid or low-nitrogen conditions the runners are thickened 
and woody and bear fewer and smaller leaves having shortened leaf 
sheaths. Under fertile, moist conditions the stems are small and 
have many large leaves. There are always partially dead, dry leaves 
clinging to the green shoots. The effect of some of these variations 
on the amount and distribution on the tissues of retained water 
was measured in four selected stands of grass as follows: (A) coarse, 
stubby growth, of low vigor, 3 inches tall, dry conditions; (B) grass 
of medium vigor, 5 inches tall, slightly moist conditions; (C) coarse 
runners 10 to 15 inches long, leaves few and small, dry conditions; 


(PERCENT OF SHOOT wT) 
SURFACTANT 


~ WITHOUT 


RETAINED 
WATER 








WATER 








24- r r . . — 
0.01 0.02 0.04 0.08 016 
SURFACTANT CONCENTRATION (PERCENT) 


Figure 1. Retention by bermudagrass runners of distilled water and water contain 
ing a series of concentrations of sodium dioctylsulfosuccinate as surfactant. 
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and (D) vigorous, dark green, young growth, 7 inches tall, which had 
grown rapidly following mowing in a moist, fertile location. 


RESULTS 

The mean fresh weight of grass from 10 plots was 7537 + 494# 
lb/A. Average retention of distilled water was 35.9 percent of fresh 
shoot weight and of water containing 0.01 percent surfactant was 
41.1 percent of fresh weight. Calculated wetting volumes are 325 
gal/A for water and 371 gal/A for water with surfactant. The differ- 
ence of 46 gal/A is not significant although the manner of water 
retention was visibly different. With surfactant added, the water 
spread over the plant surfaces as a wetting film, but water alone 
was held largely as discrete droplets, usually in the leaf axils. Thus 
when surfactant was present water retention was more uniform over 
a given shoot and likewise less variable from shoot to shoot. The 
standard deviation for retention per shoot was 16.5 percent of shoot 
weight for water alone and 7.5 percent for water plus surfactant. 
The difference between these standard deviations and thus the 
difference in uniformity of wetting is significant at a confidence level 
between 97.5 and 99 percent. 

The effect of a range of concentrations of Vatsol OT on water 
retention is given in Figure 1. Here average retention of both water 
and 0.01 percent surfactant solution was 34 percent of fresh shoot 
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Figure 2. Fresh weight and retention of 0.01 percent sodium dioctylsulfosuccinate 
solution for four stands of bermudagrass subdivided into three classes of plant 
materials. Standard errors for total spray volume are 5.8, 5.6, 6.5, and 7.8 
percent of spray volumes, respectively, for stands A, B, C, and D. 


*Standard error of the mean. 
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weight, corresponding to 307 gal/A. Higher concentrations of sur- 
factant resulted in greater runoff; 0.16 percent surfactant reduced 
retention to 26 percent of fresh shoot weight or 236 gal/A. 
Retention of 0.01 percent surfac: ant solution by the four stands of 
grass is shown in Figure 2. The volume of liquid held increased as 
total plant material increased but not in direct proportion. This was 
evidently due to the differences in the relative amounts of the differ- 
ent tissues present, particularly of the dead leaves, which retained 
about ten times more water per unit weight than the stems and two 
to four times as much as the green leaves. Fresh weight of plant 
material varied as much as 4.6-fold (from 2930 Ib/A to 13,400 Ib/A) 
while water retention varied as much as 2.2-fold. Since the amount 
of dead material per acre was relatively constant and held on the 
average about 125 gal/A, the amount of liquid retained by living 
tissues varied to about fourfold from 111 gal/A to 449 gal/A. 


DISCUSSION 


It is not proposed that the values for liquid retention obtained 
from dipping tests are identical with volumes required to wet vege- 
tation by spraying in the field. The efficiency factors and spray wast- 
age inherent in field spraying, as pointed out by Fraser (3), plus the 
variations in subjective judgment by the applicator as to the degree 
of wetting must be superimposed on the data reported here. 

The limitations of spraying-to-wet as a means of dosage control 
are clearly evident in that surfactant concentration can affect spray 
retention by one-fourth or more, and differences in stand of grass by 
more than twofold. Probably of equal importance is the effect of 
stand and growth habit on distribution of the liquid on the plants. 
In stand A the solution was retained largely on dead tissues. In stand 
B about half was held by living tissues and most of it was on the 
green leaves. In stand C retention was about equally divided among 
the leaves, stems, and dead tissues. On stand D the retention was 
predominantly by green leaves. These variations would be expected 
to greatly influence the effectiveness of foliar systemic herbicides. 


SUMMARY 


1. The amount of liquid required to wet stands of bermudagrass 
was determined by dipping samples of the grass in water and in 
solutions of sodium dioctylsulfosuccinate. 

2. Retention was greatest for distilled water and low concentra- 
tions of surfactant and decreased by about one fourth as surfactant 
concentration was increased from 0.01 to 0.16 percent. 

3. Distribution of water on the shoots was significantly more uni- 
form when surfactant was present. 

4. In four populations of bermudagrass studied, retention of 0.01 
percent surfactant solution ranged from 247 gal/A to 536 gal/A with 
wide variations in the proportion of the liquid held by the green 
leaves, green stems, and dead tissues. 
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The Effect of Environment on the Comparative Resistance 
of Petiole Parenchyma to Petroleum Oils’ 
Wo. Haro_p MINSHALL 
INTRODUCTION 

| geo reviews | Crafts (1), Currier (2), Woodford (7)| dealing with 

the mode of action of phytotoxic chemicals claim the acute 
toxicity of petroleum oils to plant tissues is due to the destruction 
of the plasma membrane of the cell. Although considerable evidence 
supports such a claim, much of it rests on results from the effect of 
vapors on greenhouse grown plants rather than on the effect of liquid 
oils on field grown plants. Of the numerous workers who have noted 
a selective action of oils on different plant species, most of them 
determined the selectivity by visual observation of injury. Currier 
and Peoples (3), Dallyn (4), and Van Overbeck and Blondeau (6) 
linked the selective action by experimentation to a differential effect 
on a cellular level but only the work of Currier and Peoples included 
direct determinations of cellular vitality. It seemed desirable, there- 
fore, to obtain further information on the relative susceptibility to 
petroleum oils of field-grown plants. 

Details of the methods were developed with plants grown in the 
greenhouse in early spring before the field-grown material was avail- 
able. When the high temperatures common to greenhouses in the 
summer months started to affect growth, the plants were transferred 
outside to a coldframe. Plants from this coldframe exhibited a 
higher resistance to oils than did plants from the field or the green- 
house, which suggested that certain factors of the environment 
might alter the relative resistance of plants. To check this suggestion, 
tests were made on plants grown under different light panels in a 
controlled environment room. 


MATERIALS AND METHODS 


The oil used in these studies consisted of different proportions of 
the aromatic hydrocarbon tetrahydronaphthalene (tetralin) in a 
non-phytotoxic paraffinic petroleum oil. Of 31 petroleum hydro- 
carbons tested by Havis (5) tetralin was one of the most toxic to 
plants and a 15% concentration of this hydrocarbon in a nontoxic 
oil gave selective toxicity with carrots. As it is generally agreed that 
aromatic content is one of the important characteristics determin- 
ing selective toxicity of petroleum oils, the mixture of tetralin in 
the paraffinic oil was considered to be representative of the petrole- 
um naphthas used for controlling weeds in umbelliferous crop plants. 

A single source of practical grade tetralin (Eastman P550) stored 
in a dark colored bottle was used throughout the study. Tetralin has 


‘Received for publication August 22, 1960. Contribution No. 185, Pesticide 
Research Institute, Canada Department of Agriculture, University Sub Post Office, 
London, Ontario, Canada. Presented in part to the Weed Society of America 
Meeting at Denver, Colorado, February 25th, 1960. 

*Bayol D. 
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a boiling point of 405° F. The characteristics of the paraffinic oil 
were as follows: A.P.1. gravity—48.1°, viscosity—34 sec. at 100° F, 
boiling range—394—512° F, aromatic content—0. In preliminary 
tests mixtures of 0, 5, 10, 20, and 50% of tetralin required > 360, 
120, 75, 50, and < 10 minutes, respectively, to kill 50% of the paren- 
chyma cells of parsnip petioles. 

The plant material used included two species resistant to herbi- 
cidal oils, parsnip (Pastinaca sativa L., var. Hollow Crown) and car- 
rot (Daucus carota L., var. sativa DC. var. Nantes Half Long Core- 
less): and two species susceptible to oils, beet (Beta vulgaris L., var. 
Detroit Red) and field mustard (Brassica kaber (DC.) L. C. Wheeler, 
var. pinnatifida (Stokes) L. C. Wheeler). In order to vary the environ- 
ment these plants were grown in the field, greenhouse, coldframe, 
and under different lighting panels in a controlled environment 
room. 

All field-grown plants were in the open and well exposed to the 
sun. Weekly plantings of parsnip, carrot, and beet in plots provided 
plants of the desired age for tests during the summer months. For 
mustard, volunteer plants occurring in the plot area and nearby 
flower beds were used. The tests on mustard were made in May and 
June, while this species was in a vegetative condition. 

In the greenhouse, in the coldframe, and in the controlled environ- 
ment rooms, weekly plantings were made in flats 11” long, 7” wide 
and 3” deep. The seedlings were thinned to 12 to 15 plants of ap- 
proximately the same stage of development in each flat. Plants 
grown in the greenhouse were subject to regular greenhouse prac- 
tice without supplementary light. The coldframe had a protected 
southern exposure resulting in high temperatures. 

In the controlled environment room the plants were grown under 
a 16 hour light period, 8 hour dark period and steady state 70° F 
and 45% R.H. Three different conditions of lighting were set up 
in this room called in this paper (1) X light panel, (2) Y light panel, 
and (3) H light panel. The X panel consisted of T8 slimline standard 
cool white fluorescent lamps at 2 inch centres and 60 watt neck 
reflector incandescent lamps at 24 inch centres. The Y panel also 
consisted of T8 slimline standard cool white fluorescent lamps at 2 
inch centres, but the 60 watt incandescent lamps were at 14 inch 
centres, and in addition, for 4 hours in the middle of the light period 
supplementary 100 watt neck reflector incandescent lamps at 7 inch 
centres weve turned on. When not lighted these supplementary 
lamps reduced the intensity of the regular panel. The H panel was 
similar to the X panel but with supplementary 300 watt reflector 
spot incandescent lamps at 6 inch centres and Chance No. 20 heat 
absorbing filters placed 12” above the level of the soil. This filter 
absorbs 95% of the infrared energy and transmits 85% of the visible 
light. The conditions of temperature and light intensity under the 
three panels are given in Table 1. 

All values given in this paper are LD,, time values and represent 
the length of exposure to the tetralin dilutions required to kill 50% 
of the ground parenchyma cells of petiole tissue. Cells of the outer 
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Table 1. Temperatures and light conditions unde; the three light panels in a 
controlled environment room operated at stead state 70° F and 45% R.H. 
Descriptions of light panels are given in the text 


Light intensity Temperature fahrenheit by 
Light Light shaded thermocouples 
panel condition G cal 
Fr-« Air under On soil Soil at 
cm? x min 3rd leaf surface tom of f 


Light 0.15 76 
Dark 69 66 64 


Light with 

supplementary 

100 Watt lamps 2500 
Light, regular 1000 
Dark 


Light 5000 
Dark 


cortex and of the vascular sheath have longer survival times than 
do the ground parenchyma cells, but as it was more difficult to secure 
sections containing an adequate supply of cortical or vascular sheath 
cells, observations were limited to the plates of parenchyma cells 
between the vascular strands in the central portion of the petiole. 
Because parsnip and carrot have some vascular bundles scattered 
throughout the parenchyma, the plates of parenchyma in these two 
species contained fewer rows of cells than did those of mustard or 
beet. In addition many of the parenchyma cells of parsnip and 
carrot were somewhat narrower and longer than were those of 
mustard and beet. 

With plants from the field, greenhouse, or coldframe all deter- 
minations were made on petioles of either the third or the fourth 
leaf. For the most part these leaves were taken soon after reaching 
full size. The LD;_ of parsnip parenchyma from plants grown in 
the controlled environment room increased with the age of the leaf. 
A similar increase did not occur in parsnip or beet from the field, 
greenhouse, or coldframe nor in beet plants from the controlled 
environment room. The LD,» did not vary appreciably while the 
parsnip petiole was elongating but it increased with age after the 
petiole had attained its full length. Although the effect of age 
appeared to be confined to parsnip all tests on controlled environ- 
ment room grown beet and parsnip were made on the third leaf. The 
LD5» of the third leaf of the plants in each flat was determined as 
the leaf reached full size and again 5 or 6 days later and the two 
results were averaged. The size of a succeeding leaf (with parsnip 
the fourth leaf and with beet the fifth leaf) was used as a guide in 
determining the sampling date for the third leaf. 

As soon as possible after the plants were removed to the labora- 
tory, thin longitudinal sections of petiole were cut free hand with a 
sharp razor and the sections placed in distilled water. The sections 
from the outer part of the petiole containing mostly cortical cells 
were discarded. When 30-35 sections had been cut, they were re- 
moved from the water, blotted on filter paper, and placed in a 4.5 
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cm preparation dish containing approximately 10 ml of the oil. At 
intervals of 10-20 minutes three sections were removed from the oil, 
blotted on filter paper and placed in 10 ml of the vital stain neutral 
red at a concentration of 20 ppm in 0.04 M CaCl, and made slightly 
orange in color with NaOH. After 60 minutes in the stain the sec- 
tions were removed and mounted in a drop of CaCl, plasmolyte on 
a microscope slide. The strength of the plasmolyte was varied from 
0.1 to 0.3 M as required to produce only a moderate degree of plas- 
molysis. Parsnip and carrot cells required a higher concentration of 
plasmolyte than did beet or mustard cells. After standing in the 
plasmolyte for 30 minutes the sections were observed under the 
microscope for neutral red uptake and for plasmolysis. Glass loops 
or needles were used to handle the sections at all times. 

Parenchyma cells of parsnip and carrot did not take up neutral 
red as readily as did those of mustard or beet but they usually 
absorbed sufficient of the stain to facilitate observation. Beet cells 
contained a natural red stain in their vacuoles but to maintain a 
uniform procedure, the beet cells also were exposed to the vital stain. 
Once the sections were exposed to the oil the number of dead paren- 
chyma cells increased gradually and continuously with time and for 
this reason it was necessary to maintain uniform time intervals in 
each stage of the procedure. Control sections were carried in water 
to make certain death was caused by the oil treatment and not by 
other stages of the procedure. 


Table 2. The time required to kill 50% (LD,,) of the ground parenchyma cells of 
leaf petioles from plants grown in the field when exposed to 5 and 10% 
tetralin in a paraffinic oil. 


Number LD» of petiole parenchyma, min 

Plant of 
tests 5% 10% tetralin 
Mustard 15 35 
eet 6 ; 49 
Carrot 10 > 65 
Parsnip 6 >* 85 


Although the tetralin was stored in a dark colored bottle in low 
light intensity, it was noted towards the end of its two years of use 
that a longer exposure time was required to kill the parenchyma 
cells. This unexpected deterioration of the tetralin means that only 
the results from experiments conducted close together in time can be 
used for direct comparisons. The deterioration was not noticed until 
more than three-quarters of the contents of the bottle had been used 
and it was accompanied by the appearance of a brownish coloration. 


RESULTS 


Parenchyma cells from the petioles of field grown plants of parsnip 
and carrot had higher LD,» values to tetralin solutions than did 
similar cells of mustard or beet (Table 2). Likewise petiole paren- 
chyma cells of parsnip plants grown in the coldframe or in a con- 
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trolled environment room had higher LD;» values than did similar 
cells of beet (Table 3). Except for the 25 tests with plants grown 
in the greenhouse, parsnip and carrot consistently had higher LDsg» 
values than did beet and mustard in the 300 separate tests made over 
a two-year period. These results indicate that individual parenchyma 
cells of the umbelliferous plants, parsnip and carrot, possess a great- 
er resistance to petroleum oils than do the cells of mustard and beet. 


Table 3. The effect of different environments on the resistance of parenchyma 
cells of parsnip and beet petioles to 10% tetralin in a paraffinic oil. 


| | 

| lrg 

LDw of petiole parenchyma, min 
Environment Tests made | - 

| 

| 

| 

} 


Beet | Parsnip 


Greenhouse | Apr.-May | 40 40 
Field July-Sept. | 40 85 
Coldframe july Sept. 65 90 
Controlled environment room, X panel Nov.-—Dec | 40 | 210 
Control environment room, Y panel Nov.-—Dec. | 80 200 


That environment might affect the resistance of parenchyma cells 
to petroleum oils was first suspected when it was noted that beets 
grown in the coldframe had an LD,» of 65 minutes compared to 40 
minutes for plants grown in the field (Table 3). Under appropriate 
conditions, however, an even greater difference than this was evident, 
for while the average of the 11 tests made with beets grown in the 
coldframe was 65 minutes, one flat had plants with an LD,» of 100 
minutes. As plants in both the coldframe and the field were subject 
to full sunlight, the light intensity should have been approximately 
the same but because of its protected location temperatures were 
higher in the coldframe thar in the field. When the possible effect 
of temperature was investigat¢d in the controlled environment room, 
the higher temperature und:r the Y panel resulted in an increased 
resistance of beet cells (Table 3). However, as the Y panel subjected 
the plants to higher light intensities as well as higher temperatures, 
a further test of these two factors was made by means of the H panel 
where the light intensity was higher than both X and Y but the 
temperatures were midway between those under X and Y (Table 1). 
The results for plants grown under the H panel in February and 
March are not included in Table 3 for it was obvious that the deteri- 
oration of the tetralin was prolonging the values. At this time, the 
LD5» for beet parenchyma from plants grown under panels X, H and 
Y was 45, 65 and 85 minutes, respectively. That is, the LD,» of the 
cells was higher as the temperature was higher. Temperature, there- 
fore, and not light intensity per se, appeared to be the factor respon- 
sible for the increased resistance of beet cells. 

Parenchyma cells of parsnip plants grown in the controlled envi- 
ronment room had much higher LD,» values than did cells of plants 
grown outside in the field or coldframe (Table 3), suggesting that 
some factor in the environment affected the resistance of parsnip 
cells. Temperature, the factor responsible for increased resistance in 
beet, apparently had little effect on parsnip cells as the resistance olf 
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plants grown in the coldframe and in the field was approximately 
the same and that of plants grown under X and Y panels in the 
controlled environment room was approximately the same. Appar- 
ently some as yet unknown factor in the controlled environment 
room increased the relative resistance of parsnip cells. 

Because of the differential effect of factors of the environment on 
the resistance of cells of different plant species it would appear that 
the degree of selectivity can be varied according to the environment. 
In the present studies the ratio of the LDs» values of parsnip to those 
of beet was |, 1.5, 2, and 5 for plants grown in the greenhouse, cold- 
frame, field, and under X panel of the controlled environment room, 
respectively. 

Cell size: Some of the beet plants grown in the coldframe which 
exhibited the high LD,,. values had dark red colored leaf blades and 
short petioles. When individual parenchyma cells from these leaves 
were measured they averaged 15 to 20 4 shorter than similar cells 
from field grown plants. This difference, however, represented less 
than 10% of the total length of the cells. Furthermore cells from 
different plants grown in the coldframe varied from 96 to 340 u in 
length while those from plants grown in the field varied from 88 to 
280 u in length. Cells from petioles of plants grown under the Y 
panel in controlled environment rooms averaged 185 u in length 
compared to 210 4 for those grown under X panel, but the cells from 
Y panel varied from 105 to $15 u in length while those from X panel 
varied from 105 to 395 uw. There did not appear to be any consistent 
relationship between cell size and the increased resistance of beet 
parenchyma cells to the oils. 

Deterioration of tetralin. As mentioned previously, increased LD 5» 
values were encountered in the later stages of this study, caused pre- 
sumably by some deterioration of the tetralin. It is possible, of course, 
that this deterioration had started during the 9 months covered by 
the results given in Tables 2 and 3, but since the LD,» of beet was 
identical in the greenhouse, the field and under X panel of the con- 
trolled environment room, it is believed that the effects from this 
deterioration form a very small part of the differences reported 
between species and treatments. 

The effect of the deterioration of the tetralin was less noticeable 
on beet than on parsnip. From November to April under the X 
paael in the controlled environment room the LD,» of beet to 10% 
tetralin changed from 40 to 45 minutes, an increase of 12%, while 
that of parsnip changed from 210 to 315 minutes an increase of 50%. 


DISCUSSION 


The present study, wherein the time required to kill parenchyma 
cells with petroleum oils was determined by plasmolysis tests, sup- 
ports the general theory that the toxic action of such oils is due to 
the destruction of the cell membranes. Furthermore, since individu- 
al parenchyma cells from petioles of field grown parsnip or carrot 
had longer LD,, times than did cells of mustard or beet, the toler- 
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ance to oils by parsnip and carrot under field conditions was evident 
on a cellular level. Selective action of petroleum oils between 
resistant and susceptible plants is apparently the result of a relative 
protection of the plasma membrane for different periods of time. 
Unfortunately the results from the present study do not delimit the 
part of the cell responsible for the resistance, because the protective 
action encountered could have been provided by the cell wall equally 
as well as by the ectoplast or the plasma membrane itself. Perhaps, 
since the factor or factors of the environment found to change the 
resistance of beet differed from those required to change the resist- 
ance of parsnip, the total resistance of a cell may be composed of 
more than one component with contributions from different cell 
parts. 

Although, as stated previously, it is not considered that the deteri- 
oration of the tetralin substantially affected the results given in 
Tables 2 and 3, it is possible that this deterioration may account 
for some of the increase in LD; values of parsnip plants grown in 
the controlled environment room in December over plants grown in 
the greenhouse in April. This is suggested by the fact that the LDso 
of parsnip continued to increase considerably in the late stages of 
the study when deterioration was known to be occurring. Under 
these conditions, however, it was obvious that the resistance of 
parsnip increased to a much greater extent than did that of beet. 
Therefore, even if one assumes the view that a large part of the 
difference in the LD». of parsnip was caused by the deterioration 
of tetralin, the results still show different degrees of resistance 
between the two species, parsnip and beet. 


SUMMARY 


By neutral red uptake and plasmolysis in calcium chloride the 
length of time required for 10% tetrahydronaphthalene in a para- 
ffinic oil to kill 50% (LD;») of the ground parenchyma cells from 
petioles of field grown mustard [Brassica kaber (DC.) L. C. Wheeler, 
var. pinnatifida (Stokes) L. C. Wheeler], beet [Beta vulgaris L.], 
carrot |Dancus carota L. var. sativa DC.|, and parsnip | Pastinaca 
sativa L.] was 35, 40, 65, and 85 minutes respectively. Thus the 
greater tolerance of the umbelliferous plants, carrot and parsnip, to 
petroleum oils was evident on a cellular level and appeared to arise 
through an increased resistance or protection of the cellular 
membranes. 

Increased temperature increased the resistance of parenchyma 
cells of beet to 10% tetrahydronaphthalene in paraffinic oil but had 
little effect on the resistance of cells from parsnip. Likewise, when 
plants grown in a controlled environment room were compared to 
those grown in the field, the LD» of parsnip cells was markedly 
increased while that of beet remained approximately the same. 
Because of the differential effect of environmental factors on the 
resistance of these species, the ratio of LD,» values of parsnip to 
those of beet was 1, 1.5, 2 and 5 for plants grown in the greenhouse, 
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cold frame, field and controlled environment room, respectively. As 
factors of the environment differed in the extent to which they 
changed the resistance of parenchyma cells of parsnip and of beet 
to petroleum oils, it is suggested the total resistance of a plant cell 
may involve more than one component with contributions from 
different parts of the cell. 
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Cytochrome C Oxidase in the Tuber of Nutsedge 
(Cyperus rotundus L.)' 


Rupert D. PALMER? 


HE general acceptance of cytochrome oxidase as the terminal link 

between the various dehydrogenase systems and oxygen in plants 
was stated in the reviews by Smith and Chance (6), James (4), and 
Hartree (2). 

Recent distribution surveys of various cytochromes and cyto- 
chrome oxidase have been conducted by Webster (8). He extracted 
an enzyme which oxidized cytochrome c from the tissues of 54 
different species which represented 23 families of dicotyledonous 
plants. Webster (9) found this cytochrome oxidase activity to be 
strongly inhibited by carbon monoxide in the dark and the inhibi- 
tion was reversed by light. Cytochrome oxidase activity was found 
in most cases to be associated with a “particulate” fraction of the 
cell material (2, 4, 8). 


MATERIALS AND METHODS 


The tubers used in these studies were grown as previously de- 
scribed (5). The tubers were placed on filter paper in Petri plates. 
Five mls of full strength Hoagland’s general culture solution at pH 
7.1 were added to each plate. The plates were placed in a dark incu- 
bator set at 28° C to germinate. 

I. Preparation of “particles”. The tubers were homogenized and the 
homogenate was centrifuged as previously reported (5). The buffer 
was used at pH 7.4 and contained 0.1 M potassium phosphate, 0.65 
M sucrose, 1.3 x 10%M EDTA (ethylenediaminetetraacetic acid) and 
5.3 x 10¢ M AICI. The “particles” were used immediately after 
being dispersed in the buffer. 

II. Preparation of cytochrome c. The cytochrome c was reduced with 
sodium hydrosulfite (1) and the concentration of reduced cytochrome 
c was determined colormetrically (3). 

III. Estimation of enzyme activity. Oxygen uptake was determined 
by conventional Warburg methods (7). The gas mixtures were pre- 
pared and the necessary gas atmosphere within the experimental 
vessels was obtained by the replacement technique (7). 

For dark studies, the vessels were placed in beakers of a concen- 
trated aqueous solution of gentian violet at 25° C. For light effects 
on the reaction, the vessels were set over a 22-watt fluorescent tube* 
mounted in the Warburg water bath. 

‘Received for publication August 31, 1960. Supported in part by Cooperative 
Regional Research Project S-18. Contribution from the Mississippi Agr. Expt. 
Station. Journal Paper No. 889. 

*Assistant Plant Physiologist, Department of Plant Pathology and Physiology, 
Mississippi Agr. Expt. Station, Mississippi State University, State College, 
Mississippi. 
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of Agricultural Engineering, Mississippi State University, for his assistance in 
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IV. Cytochrome c oxidase on slices 40 thick and associated with 
particles. A 0.5 ml aliquot of cytochrome c was placed in the side arm 
and tipped into the vessel after equilibration. The vessels contained 
either 30—40 slices in 1.5 ml of buffer of the foliowing composition: 
0.1 M potassium phosphate, 0.5 M sucrose, 4 x 10°*M AICl,, and the 
same concentration of EDTA as stated above for “particles”, or 1.5 
ml of “particles”. The final concentration of cytochrome c was 1.5 x 
10° M. When cytochrome c was omitted 0.5 ml of 0.1 M potassium 
phosphate buffer was tipped into the vessel. 

V. Preparation of dry tissue and chemical methods. Dry weight of 
tissue slices and determination of nitrogen in the “particle” suspen- 
sion were carried out as previously described (5). 


RESULTS 

I. Carbon monoxide inhibition of oxygen uptake by slices. A pre- 
liminary study to determine if carbon monoxide would inhibit the 
oxygen consumption of slices of nutsedge tubers which had ger- 
minated for 2 days was run under fluorescent laboratory light. The 
oxygen consumed for an atmosphere of 95% CO and 5% O, was 105 
ul per gm dry wt per hr, while the oxygen consumed by an identical 
tissue sample from an atmosphere of 95% N, and 5% Oz, which 
served as a control, was 182 ul. Carbon monoxide caused a significant 
(43 percent) inhibition of oxygen uptake in this test. 

II. Carbon monoxide inhibition of oxygen uptake by tissue slices 
during alternate dark and light periods. The rate of oxygen uptake 
by tissue in an atmosphere of 95% CO and 5% O, in the dark for 
30 minutes was significantly inhibited by 41 percent (Table 1). The 


Table 1. Carbon monoxide inhibition of oxygen consumption by slices, 40 4 thick, 
from nutsedge tubers during alternate dark and light periods and its reversal 
by light. Tubers had germinated for 2 days. 


Or uptake /gm dry wt, gl 
Minutes in Experimental oy ee Control atmosphere 
dark or light 95% CO—5% QO: | 95% Ne—5% Or j Percent inhibition 


Dark Light | Dark Light Dark Light 


. 53 
143 147 


212 


same tissue in the same gas mixture in the light for 70 minutes 
showed less inhibition (3 percent). When the vessels containing the 
same tissue in the same atmosphere were placed in the dark again 
for 40 minutes, the inhibition increased from 3 to 18 percent. This 
demonstrates the photo-reversibility of the respiratory inhibition 
produced by carbon monoxide. 

Hl. The effect of reduced cytochrome c upon oxygen uptake by tis- 
sue slices. When the cytochrome c was tipped into vessels containing 
the slices, oxygen uptake was 245 ul per gm dry wt per hr; whereas, 
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the control consumed only 186 ul on the same basis. Cytochrome c 
gave a 24 percent stimulation of oxygen uptake. 

IV. Effect of carbon monoxide upon oxygen uptake of tuber slices in 
the presence of cytochrome c during alternate dark and light periods. 
This study was designed to determine the effects of alternate dark 
and light periods on the same tissue in an atmosphere of carbon 
monoxide. The results of a typical experiment are plotted in Figure 
1 A, B. It may be seen from Figure | A and B that initially there was 
a stimulation of oxygen uptake by tissue in vessels with the above 
treatment in the light, but when they were placed in the dark a 
striking inhibition of oxygen uptake occurred for this treatment; 
whereas, the tissue under nitrogen and oxygen exhibited a gradual 
increase in oxygen uptake. Upon returning the vessels with carbon 
monoxide and oxygen to the light there was a rapid reversal of the 
inhibition shown in the dark. This reversal is shown by the differ- 
ence in the slope of the curve for carbon monoxide (Figure | A) 
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Figure 1. A—Effect of carbon monoxide on oxygen uptake by slices of nutsedge 
tubers during alternate dark and light periods. B—The percent stimulation 
or inhibition the carbon monoxide induced as compared to the nitrogen treat- 
ment. The tubers had germinated for 3 days. 
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and by the inhibition curve (Figure 1 B). This shows the photo- 
reversibility of oxygen uptake which was stimulated by cytochrome 
c. There appears to be an incubation period for darkness to bring 
about inhibition and for light to initiate stimulation of oxygen 
uptake because 10 minutes was needed in each case as shown by the 
carbon monoxide and oxygen curve in Figure | A. Inhibition and 
stimulation of oxygen uptake by the tissue was not instantaneous in 
this case. 

V. Activity of cytochrome c oxidase during germination. Because 
succinic dehydrogenase increased in activity during germination of 
the tuber (5), the activity of cytochrome c oxidase during germina- 
tion was determined. This might show the activity relationship of 
the enzymes. 

There was a gradual increase in activity of cytochrome c oxidase 
during germination. The oxygen uptake of “particles” from the dor- 
mant tuber was 25 ul per mg N per hour; whereas, at 5 days and 8 
days oxygen uptake was 27 and 38 ul, respectively. 


DISCUSSION 


The dormant and germinated nutsedge tuber was shown to have 
an active cytochrome c oxidase. Previous studies (5) have shown that 
the nutsedge tuber also contained an active ascorbic acid oxidase 
and polyphenoloxidase. It has been shown (5) that polyphenoloxi- 
dase was very active in the dormant tuber and decreased during 


germination. From these studies, however, no conclusion can be 
drawn as to which of these enzymes mediates the terminal electron 
transfer in the nutsedge tuber. 


SUMMARY 


Cytochrome c oxidase was shown to operate in dormant and ger- 
minated nutsedge tubers. A CO/O, ratio of 19 showed inhibition 
of oxygen uptake by tissue slices of 41 percent, as compared to values 
obtained in a control atmosphere of nitrogen and oxygen (N,/O, 
19). This inhibition was photo-reversible. The addition of cyto- 
chrome c to tuber slices resulted in a stimulation of 24 percent of 
oxygen consumption, which was demonstrated to be photo-reversibly 
inhibited by carbon monoxide. 

The activity of cytochrome c oxidase increased during germination 
of the tuber. 
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Control of Madrone and Tanoak Stump Sprouting’ 
Burcess L. Kay, OLiver A. LEONARD, and JAMes E. Street? 


Maret (Arbutus menziesii Purch.) and tanoak (Lithocarpus 
densiflora (H & A) Rehd.) are often considered undesirable 
along the Pacific Coast. These weed trees are removed to increase 
forage production; to remove competitors of more valuable timber 
trees, especially Douglas fir (Pseudotsuga menziesii (Mirb) Franco); 
or to obtain firewood or charcoal. Tanoak is occasionally cut for 
tanbark harvest. Control of stump sprouting following cutting 
would be desirable. 

Both madrone and tanoak sprout vigorously after being cut. 
Sprout growth is so rapid that cutting these species provides only 
temporary release for other crop trees (4, 5, 6). Sprouts of both species 
may reach twelve feet in three growing seasons. Madrone or tanoak 
sprouts are rarely browsed heavily enough to control regrowth. Like- 
wise they are difficult to control by repeated burning. 

Killing stumps with herbicides is not new. Sodium arsenite and 
other chemicals were used before discovery of the phenoxy herbi- 
cides. Stump spraying with the esters of the latter herbicides in oil 
is widely used to prevent or reduce sprouting of stumps. Their 
effectiveness has been known since at least 1948 (1). The effectiveness 
of concentrates of the mixed alkanolamine salts of 2,4—D (2,4- 
dichlorophenoxyacetic acid) to prevent or reduce sprouting repre- 
sents the basis of recommendations by Leonard and Harvey (3). The 
present study is a comparison of the effectiveness of the ester and 
amine treatments in preventing or reducing sprouting of madrone 
and tanoak. 


METHODS AND MATERIALS 


Madrone and tanoak grow in a region of warm to hot dry sum- 
mers and mild wet winters with only occasional snow. Stumps were 
treated in each of the four seasons. The field work was at Garber- 
ville, California, 175 miles north of San Francisco and near the coast. 
Annual rainfall averages 56 inches there, with almost no precipita- 
tion between May 15 and October |. 

Treatments were on April 19, 1956, July 12, 1956, October 10, 1956 
and February 6, 1957. Forty trees of each species were cut on each 
of these dates. Stems were cut at a twelve-inch stump height. If a 
group of stems appeared to be joined underground (probably 
sprouts from an earlier stem) they were considered as one tree. The 
number of stems per tree varied from | to 5 in madrone and | to 7 
in tanoak, respectively averaging 1.6 and 1.8. Stem diameter twelve 


‘Received for publication September 19, 1960. Contribution from Agronomy 
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inches above the ground varied from | to 24 inches for madrone and 
1 to 20 inches for tanoak. 

Herbicides were applied, not more than one hour after tree cut- 
ting, to ten trees of each species at each date with the following 
treatments: 

1) Mixed alkanolamine salts of 2,4-D (4 lb/gal ae), hereafter 
referred to as 2,4—D amine, daubed on the top of the stump with a 
paint brush. With stumps six inches or less in diameter, the entire 
top surface was covered with 2,4—D amine by daubing the brush up 
and down. More material is applied by daubing than by just paint- 
ing. Larger stumps were treated in a 3- to 4-inch peripheral band on 
the top of the stump. The amount of 2,4—D applied averaged 74 cc 
per square foot of stump top, roughly equal to treating 260 six-inch 
stems with | gallon of 2,4—D amine. 

2) Entire stump sprayed wet to the ground surface with a 16 lb 
aehg solution of 2,4—D butoxy ethanol ester, hereafter referred to as 
2,4—D ester, in diesel oil. 

3) Entire stump sprayed wet to ground with a total of 16 lb aehg 
of a solution containing equal parts of 2,4—D ester and the butoxy 
ethanol ester of 2,4,5-T (2,4,5-trichlorophenoxyacetic acid), here- 
after referred to as 2,4,5—T ester, in diesel oil. The amount of spray 
material used in treatments 2 and 3 averaged | gallon of spray mate- 
rial for each 5.63 square feet of stump top. This is roughly equal to 
treating 30 stumps six inches in diameter with one gallon of spray 
solution. 


4) Ten trees of each species were cut at each of the four dates and 
left untreated as a check. 


RESULTS AND DISCUSSION 


All stumps were observed for 3 successive years after treatment. 
The number, height, and condition of sprouts were recorded in 
June, 1957, August, 1958, and May, 1959. 

New sprouts continued to appear on untreated stumps of both 
species following all cutting dates for two growing seasons. There 
was no increase in the total number of sprouts between the second 
and third growing season. Untreated tanoak stumps consistently 
produced half again as many sprouts as did madrone at all dates 
of cutting (Figures 1 and 2). Both species produced the greatest 
number of sprouts when cut in April, and the least when cut in 
February or July. 

Average sprout height continued to increase throughout the three 
years measured. The differences in sprout length between species 
varied with the season at which the trees were cut. Average sprout 
length of check trees cut in February was more than twice as great 
for madrone as for tanoak, but tanoak had a greater mean sprout 
length than madrone with all other cutting dates (Figures 3 and 4). 
Madrone produced the longest sprouts when cut in February, but 
tanoak produced the longest sprouts when cut in April. 

The number of sprouts per stump on treated and untreated 
stumps of the two species were analyzed by the chi-square method 





A 


590 
TANOAK -Average Number of Sprouts \ 
Per Stump. * 


“ 


MADRONE - Average Number of Sprouts Per Stump. 


























2,4-0/2 4,5-T 


Figure 1. Tanoak—average number of sprouts Figure 2. Madrone—average number of sprouts 
per stump. per stump. 


a 
MADRONE-Meon Sprout Height- i 604 
Inches 
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(2). All differences between dates of treatment and herbicides used 
in treatment were highly significant for both species with one excep- 
tion. There was no difference between the two spray treatments. II 
all dates of treatment are consolidated, daubing the stump with 
2,4—D amine reduced sprouting more than either of the spray treat- 
ments. All treatments reduced sprouting considerably below no 
treatment. The cost of the materials used in the daubing treatment 
was roughly one half the cost of materials in the spray treatments. 
Spraying is also more difficult because it requires more labor and 
equipment. 

Of the four seasons tested, treating tanoak in October appears to 
be the best, giving nearly complete control. 

The number of madrone sprouts can be reduced more than 98 
percent in February, April, and October with the amine treatment. 
February treatment gave 100 percent control. All dates of treatment 
reduced sprouting considerably below that of the untreated stumps 
of each species. 

Mean sprout height varied with date of cutting and treatment 
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Figure 5. Tanoak—total sprout length, inches Figure 6. Madrone—total sprout length, inches 
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used. With each species these variations closely resembled the vari- 
ations in numbers of sprouts per stump. Control of sprout height of 
madrone was best from daubing 2,4—-D amine on the cutting dates 
that produced the longest sprouts on untreated stumps (February, 
April, and October). Control of sprout height of either species was 
poorest from treatment in July when compared with the untreated 
stumps cut at the same date. This was also the month of the shortest 
sprout length on the untreated stumps of each species. 

A volume figure that more nearly describes the sprouting condi- 
tion as it appears in the field was determined by multiplying the 
average number of sprouts per stump by the average height of the 
sprouts. This gives a figure approximating the total length of sprouts 
produced per stump (Figures 5 and 6). This expression of data best 
shows the degree of actual control or reduction of the sprouting 
problem. 


SUMMARY AND CONCLUSIONS 


Daubing madrone and tanoak stumps with a 4 lb/gal ae solution 
of mixed alkanolamine salts of 2,4—D gave better control of sprout- 
ing than spraying stumps with 16 lb aehg solution of butoxy ethanol 
esters of either 2,4—D or 2,4—-D + 2,4,5—-T in diesel oil. Daubing the 
amine was also the least expensive treatment. Madrone was success- 
fully treated in February, April, and October. Tanoak was best 
treated in February or October. The April treatment was poor for 
tanoak. July treatments gave poor results with both species. 
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Absorption and Distribution of EPTC-S*” 
SHOGO YAMAGUCHI® 

HE herbicide EPTC (ethyl N,N-di-n—propylthiolcarbamate) of- 

fers much promise as a soil-borne toxicant for controlling a varie- 
ty of common weeds. Not only does it control annuals; it is proving 
very effective and quite specific in the control of nutsedge. In this 
role it is unique among the newer materials. In California it has held 
nutsedge in check during the whole growing season in strawberries, 
peppers, beans, and other row crops. 

During the past season EPTC applied pre-emergence on corn and 
pre-plant on strawberries proved somewhat erratic. In a few instances 
there was crop injury; in many others there was no crop injury. 

Selective action of EPTC is not well understood. Because it is 
more effective when incorporated into the moist top soil it seems that 
at least a part of its selectivity may be a positional effect. On the 
other hand, the general nature of its toxicity against many common 
weeds would seem to indicate a biochemical mechanism. If detoxi- 
fication results from breakdown by an enzyme system of the plant, 
then a thorough understanding of the absorption, translocation, 
and ultimate fate of this chemical in the plant might clear up some 
of the uncertainty concerning its mechanism of action. 

Ashton and Sheets (1) have demonstrated an inverse relationship 
of plant injury and adsorption of EPTC to soil. Fang and co-workers 
(3, 6) reported evidence of rather complete detoxification of the 
compound in various crop plants at maturity, from pre-emergence 
application. They have also presented data providing evidence for 
nearly complete loss or breakdown of EPTC in the red kidney bean 
during a 4 day period of germination following a 48 hour exposure 
to a 55 ppm solution. This breakdown did not occur in the mung 
bean. 

The present work utilizes EPTC-S** and autoradiography and 
demonstrates absorption and distribution of EPTC in both suscepti- 
ble and resistant plant species. Absorptional and distributional char- 
acteristics of EPTC were assessed from both foliage and root appli- 
cations. By the counting method the ease of vapor movement of 
EPTC through the thickness of the bean leaf was assayed. 


MATERIALS AND METHODS 


Autoradiographic method for determination of distribution pattern. 
The susceptible plants used included lima bean (Phaseolus limen- 
sis), jimsonweed (Datura stramonium L.), barnyardgrass (Echinoch- 
loa crusgalli (L.) Beauv.), and barley (Hordeum vulgare). The resist- 
ant plants used included red kidney bean (Phaseolus vulgaris), alfal- 
‘Received for publication September 21, 1960. 
“Junior Res. Botanist, Dept. of Botany, Univ. of California, Davis. 
*One millicurie of sulfur-35-labeled EPTC was supplied by the Stauffer Chem 
ical Company. 





Yamacucui : EPTC-S*® 


fa (Medicago sativa), sugar beet (Beta vulgaris), field bindweed (Con- 
volvulus arvensis) and dent corn (Zea Mays var. indentata). 

The seeds were planted in sand and transferred to solution culture 
in quart Mason jars, without forced aeration, and grown for several 
days. Application to leaves consisted of vapor and droplets of solu- 
tion. Application to roots was through the culture solution. Appli- 
cations were made mostly under a fume hood, but the treated plants 
were returned to the greenhouse. At the end of the treatment periods 
of 1 and 4 days, the plants were taken out of the jars and the roots 
blotted free of excess moisture. The plants were then spread out 
individually in a folded sheet of filter paper, 10 x 12 inches, pressed 
between a padded board and a piece of stiff hardware cloth held 
firmly in place with large stationery clamps, and open-air dried (8). 
Most plants dried in 3 days; sugar beet plants in 5 days. Our experi- 
ence would indicate that the distribution pattern developed at the 
end of the treatment time was essentially retained intact by the 
drying method, except perhaps for the sugar beet plants of | day 
treatment time. The sugar beet plants showed unusually large move- 
ment of EPTC to the growing leaves for a | day treatment. 

The dried pressed plants were placed against Kodak No Screen 
medical X-ray film, 10 x 12 inches, for a 4 weeks’ exposure. The 
developed autoradiographs were backed with glossy white paper and 
examined. 

The solution for root application was made up to 20 ml individu- 
ally in quart Mason jars. EPTC can be dissolved in water by con- 
tinued shaking; however, ready solution in culture solution was 
effected by a 3-step dilution (dilution to 5% with 70% ethyl alcohol; 
to 44% with 50% propylene glycol in water; and finally, with 0.1% 
of a commercial spray adjuvant containing alkylarylpolyoxyethylene 
glycols, free fatty acids and isopropanol (X-77) in tap water). The 
final 20 ml solution contained 470 micrograms of the labeled EPTC 
(23 ppm), 0.1% X-77, .035% ethyl alcohol and approximately 1.5 
microcuries of $*°. The toxicity of a similar solution, without EPTC, 
was tested on field bindweed and was found to produce no adverse 
symptoms in 7 days. The toxicity of EPTC in this solution was tested 
at 50 ppm again on field bindweed and in 3 days necrosis began at 
shoot tips and leaf margins. The other species were not tested in 
this manner. 

Also it was found that immediate solution of the technical grade 
(95%) EPTC in water can be accomplished by first incorporating 
EPTC in at least an equal volume of polyoxyethylene sorbitan mono- 
laurate (Tween 20) and then delivering the desired amount of the 
resulting solution into the culture solution while stirring the latter. 
EPTC is released slowly and it has time to dissolve completely 
without forming droplets which rise to the surface. 

The solution applied to the leaves contained water, 5% glucose, 
55% ethyl alcohol and 1.18% EPTC. Forty microliters containing 
470 micrograms of EPTC-S®*® were applied per plant. Lanolin rings 
were used to confine the drops of solution. Contact injury was pro- 
duced at the treated spot on most plants. 
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A more successful method of EPTC application to the leaves was 
the vapor method. In no instance was injury to leaves noticed, but 
the method was applicable only to the wider leaves, as of the red 
kidney and lima beans, sugar beet, and jimsonweed. Four hundred 
seventy micrograms with 1.5 microcuries, dissolved in 10 microliters 
of 70% ethyl! alcohol were pipetted into a glass dish about a half inch 
across and placed on a leaf to be treated. Then a watch glass, several 
times wider, was inverted over the dish to confine the EPTC-S* 
vapor to an area around the dish. A seal was effected with lanolin. 
Treatment time for all leaf applications was 4 days. 

Counting method for determination of vapor movement through the 
leaf. 

The autoradiographs of EPTC-S* vapor treatment on bean 
plants and jimsonweed indicated the presence in the plants of only 
a small fraction of the applied radioactivity. A diffusional loss from 
the lower surface of the treated leaf was suspected. Therefore a meth- 
od was devised to trap the diffusional loss and to assay the entrapped 
EPTC-S*® by counting with a thin window Geiger-Mueller tube 

The upper surface of the primary leaves of red kidney bean plants 
was given EPTC-S®*® vapor application and from the lower surface 
of the same leaves, the escaping EP TC-S® vapor was trapped with 
activated carbon (Norit A). The source of the vapor was a known 
amount of solution put in a glass dish about a half inch in diameter, 
placed over the area to be treated. The vapor was confined by an 
inverted shell vial one inch across and two inches deep and the seal 
was effected with lanolin. A one inch circle of fiber glass filter, 
sprayed with a suspension of 10 mg of activated carbon, was covered 
over with a piece of lens paper and then supported against the lower 
surface of the leaf, at the treated spot. 

The dosage series used was 1, 5 and 10 microliters of a 70% ethyl 
alcohol solution containing 470 micrograms EPTC per 10 micro- 
liters. The total treatment time was 24 hours. The concentration of 
EPTC vapor at these dosages would have been approximately 250, 
1250, and 2500 ppm (v/v) on the basis of complete vaporization of 
the applied dosage within the confinement of the inverted shell vial 
(22 ml capacity). The activated carbon pads were replaced with fresh 
ones at 2, 4 and 8 hours from the time of application of the solution. 
The experiment was duplicated. The pads were placed in cupped 
planchets and counted. 


RESULTS AND DISCUSSION 


The distribution pattern from drop applications to the leaves. 

The autoradiographs of 4-day leaf treatments (both solution and 
vapor applications) showed two important translocation characteris- 
tics of EPTC: (1) the distribution pattern included growing stem 
tips and root tips and accumulation there in all species tested, indi- 
cating mobility of EPTC in phloem; and (2) the amount distributed 
in the plant from leaf application appeared to be but a small fraction 
of the applied amount. 
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In contrast to the growing regions, the mature green leaves gen- 
erally showed no radioactivity. Some of the plants are shown in 
Fig. 1. Only in the field bindweed plant did the radioactivity show 
up faintly in mature leaves. Movement into mature leaves can occur 
by a transfer in the stem, from phloem to xylem, followed by 
transpirational movement into the leaves. 


A 


Figure 1. Distribution from foliar treatment with EPTC-S*, 470 micrograms pet 
plant, 4 days. The upper picture is the autoradiograph; the lower, the plant 
The arrows point to the treated spot. A, Jimsonweed, vapor treatment. B, Field 
bindweed, solution treatment. C, Red kidney bean, vapor treatment. D, Corn, 
solution treatment 


The pattern of EPTC in the treated leaf itself indicated some 
apoplastic movement and a strong symplastic movement. 

Ihe apoplastic movement in the treated leaves (Figure 1) is the 
movement from the treated spot towards the tip of the treated leaf 
and does not include any basipetal movement. The reason for con- 
sidering this sort of movement to be apoplastic is the fact that it 
occurs only in the direction of the transpiration stream, namely, 
toward the leaf tip or leaf margin, and not in the direction of assimi- 
late movement, namely, toward the base of the leaf. In green leaves 
developed past the photosynthetic compensation point, the trans- 
piration and assimilate movements are in opposite directions. Only 
such leaves were treated in Figure 1. Apoplastic movement has 
always been observed in the treated leaf when a mobile compound 
such as the diethanolamine salt of maleic hydrazide (2) is applied 
in a drop of solution near the base of the leaf blade. 

A symplastic movement in Figure | is that movement from the 
treated spot to the growing regions, from “source to sink’ with 
regard to the direction of assimilate movement. Only by being car- 
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ride in the symplastic movement, especially phloem movement, can 
there have been translocation from the treated mature green leaves 
to root tips, stem tips and enlarging leaves with the exclusion of 
translocation into other fully developed leaves. Note in Figure | 
that there is no trace of radioactivity in any of the mature green 
leaves other than the treated ones. 


The distribution pattern from root application. 

For root absorption of EPTC-S* the treatment time was | and 4 
days. The results of the 1-day treatment showed in 4 species a general 
distribution throughout the plant—in the roots, mature leaves, 
stems and growing regions, with the thicker tissues and the roots 
showing greater image density than the leaf lamina. There appeared 
to be no real difference of absorption and distribution from species 
to _— Differences of image density between the different plants 
are largely due to differences in the amount of retention of EP TC-S* 
absorbed from the culture solution; the image density in general 
indicated ready absorption of the compound by all species tested. 
The leaves of the corn and barnyardgrass plants produced a light 
image, but these plants had begun to wilt a few hours after subjec- 
tion to the treatment solution and only a part of the treatment 
solution was absorbed. 


Figure 2. Distribution from root treatment with EPTC-S*, 470 micrograms per 
plant, 4 days. The upper picture is the autoradiograph; the lower, the plant 
\, Jimsonweed. B, Field bindweed. C, Barley. D, Barnyardgrass. 


The autoradiographs of the 4-day treatment (Figure 2) showed an 
accumulation of the labeled material in all developing leaves, buds 
and root tips in addition to general distribution found with the I-day 
treatment. This was well demonstrated in alfalfa, red kidney and 
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lima beans, jimsonweed, sugar beet and barley, but not in field 
bindweed. Corn and barnyardgrass plants wilted too much to show 
such results. The development of the accumulative effects in the 
regions of growth during the 4-day treatment is here explained as 
resulting essentially from a redistribution from initial uptake in 
mature leaves to the regions of growth. It involves a transfer of the 
compound from the apoplast to the phloem, if accumulative effects 
are to show up in the growing buds from root uptake. 


Diffusional loss through the leaf. 

Diffusional loss of EPTC vapor through the leaf was well demon- 
strated by capturing the escaping vapor on activated carbon. The 
activity recovered on activated carbon is assumed to be entirely of 
EPTC-S*®. Table | shows that the greatest diffusional losses were 


Table 1. Counts per minute of activity (EPTC-S™) recovered from the lower 
surface of the treated primary leaves of the red kidney bean plants, by absorp 
tion on activated charcoal. 


Volume of treatment solution 
Sampling time 1 pl (47 pe) 5 wl (235 we 10 wl (470 pe) 
Rep. 1 Rep. 2 | Rep. 1 Rep. 2 | Rep. 1 Rep. 2 


otal counts in the application 2300 2300 11,500 11,500 23,000 23,000 

2 hr 1928 578 968 1250 435 

-~4 46 1039 578 1952 994 

8 37 851 480 1777 748 

24 hr 59 836 - 1832 1073 

‘otal recovered counts 2070 3300 2026 6811 3250 
72 29 17% | 
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encountered at the lowest dosage, within the first two hours after 
application. These amounted approximately to 30 out of the 47 
micrograms applied. The volume of the shell vial was 22 ml and the 
concentration of the EPTC-S*® vapor would have been no more 
than 250 ppm, v/v, over an area of one inch diameter. With the 
higher dosages the rate of initial diffusional loss was not increased 
but actually decreased approximately to half and the loss was pro- 
longed over days rather than hours. These rates would indicate, at 
least firstly, a movement through the gaseous phase (stomates and 
intercellular spaces) rather than through the solid and liquid phase 
(cell wall and protoplast). The higher dosages may have closed the 
stomates; however, no obvious leaf injuries developed from these 
treatments. 

In this paper the results are presumed to indicate largely the move 
ment of EPTC-S*. The 4-day distribution pattern from root absorp- 
tion was general. From leaf application the distribution was accu 
mulative in the growing regions. From experience with other tracers 
(2, 3, 4) it seems unlikely that a compound which moves readily by 
xylem from root application could also move as freely by phloem 
from leaf application. Possibly some EPTC breakdown products are 
involved in the latter case (3, 6). 
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SUMMARY 


The pattern of absorption, translocation, and distribution of 
EPTC shown by the autoradiographic method was similar in re- 
sistant and susceptible plant species. It was limited from leaf appli- 
cation of the vapor or solution and it was general from root appli- 
cation. Distribution from foliar application was to the growing 
tissues; distribution from root application was to all tissues, with 
greater accumulative effects showing in the growing tissues with the 
i-day treatment. Some 72 to 90% of 47 wg EPTC-S* vapor applied 
to an inch-diameter area of a bean leaf escaped in 24 hours from 
the opposite surface of the leaf, as measured by trapping in activated 
carbon. With larger dosages of vapor, the rate of escape was not 
greater, but only one-half as great. 
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Effects of Surfactants on the Herbicidal Activity of Several 
Herbicides in Aqueous Spray Systems 


L. L. JANsEN, W. A. GENTNER, and W. C. SHaw! 
INTRODUCTION 


a a ene and preparation of herbicidal chemicals for the 
selective control of weeds in mechanized crop production have 
become increasingly more difficult with the introduction of a wide 
variety of organic and inorganic herbicides during recent years. 
Commercial herbicides and experimental chemicals are usually 
applied in systems which contain not only the active ingredients but 
also various solvents, cosolvents, surfactants (surface-active agents), 
carriers, and other adjuvants. Formulations of herbicides are usually 
evaluated for their maximum effects on weeds and minimum effects 
on crop plants. The manner in which the inactive constituents of 
formulations influence the ultimate herbicidal activity of the active 
ingredients is not well understood and extensive research will be 
required to obtain the fundamental information needed. 
Surfactants are perhaps the most universal constituents of herbi- 
cidal formulations. These chemicals possess manifold properties or 
characteristics which account for their employment in almost every 
phase of herbicide usage. In the synthesis, formulation, and mixing 
of herbicides, surfactants are added to provide emulsification, dis- 
persion, or solubilization of various mixture components. 
Surfactants affect the application of sprays, since they can change 
the viscosity of liquids. In preparing invert emulsions, for example, 
the properties imparted by surfactants influence the selection of 
delivery equipment. The importance of surfactants in differential 
wetting, spreading, and adherence of spray solutions on plant leaf 
surfaces has been recognized since the turn of the present century. 
Early research on the role of surfactants in herbicidal formulations 
was primarily concerned with their packaging, marketing, and 
efficient application. Little attention was given to differential effects 
of surfactants on herbicidal activity, although investigators progres- 
sively realized that the most effective surfactant for use in formula- 
tions of a chemical such as 2,4—dichlorophenoxyacetic acid [2,4—D] 
for the control of annual broadleaved weeds in cereals might not 
possess the desired properties in formulations of other chemicals or 
of 2,4—D for the control of weeds on non-crop land. 
Surfactant actions in the external environment of plants have 
been specifically and critically studied in the past. Knowledge of 
internal surfactant effects on penetration, translocation, and herbi- 


‘Received for publicaticn September 23, 1960. Plant Physiologists, Crops 
Research Division, Agr. Res. Serv. U. S. Dept. of Agr., Beltsville, Maryland. The 
authors wish to acknowledge the cooperation of research personnel of Amchem 
Products, Inc., Ambler, Pennsylvania, and the Dow Chemical Company, Midland, 
Michigan, in supplying the experimental herbicides, and of personnel in 19 
industrial organizations, listed at the end of Table 1, in supplying the surfactants 
included in these studies. 
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cidal activity, however, is limited. Because of the diversified prop- 
erties which an individual surfactant may possess, comparative 
investigation of the aggregate effects of a large number of surfactants 
on the selective action of several herbicides appeared desirable. 

In 1958, investigations of the effects of surfactants on herbicidal 
activity were begun at the Plant Industry Station of the U. S. Depart- 
ment of Agriculture at Beltsville, Maryland. The immediate objec- 
tives were (a) to develop methods for comparative evaluation of sur- 
factant effects on the activity of several herbicides, (b) to compare a 
large number of surfactants by such standardized evaluation pro 
cedures, (c) to study the relative effectiveness of surfactant-herbicide 
combinations in relation to their structures and physical and chemi- 
cal properties, and (d) to develop principles for the selection and 
incorporation of surfactants in herbicidal formulations. The present 
report contains the preliminary evaluations of surfactant effects in 
aqueous herbicidal spray systems. 


REVIEW OF LITERATURE 


No attempt will be made to review the rather voluminous liter- 
ature on the multiple uses of surfactants. The problems and prin- 
ciples involved in the addition of surfactants in formulating and 
mixing agricultural pesticides are common to many other fields of 
the chemical industry, such as the formulation, handling, and dis- 
pensing of pharmaceuticals, cosmetics, and petroleum products, as 
well as many other non-pesticidal agricultural chemicals. Most 


biological studies of surfactant influences on pesticidal action have 
been conducted in field trials with commercial surface-active agents 
(12). Accurate interpretation of the results of such studies has been 
difficult because of a lack of information on structure and purity 
of the surfactants. 

An early report on the use of surface-active agents in 1890 showed 
that the application of arsenical insecticides in strong soapy solu- 
tions or in flour-paste suspensions increased insecticide damage to 
foliage, whereas application in a saponified resin solution was no 
more damaging than in water alone (16). Inasmuch as phytotoxicity 
of insecticidal sprays was considered a detrimental characteristic, 
the full significance of this early work on herbicidal action was little 
appreciated. However, the fact that the efficiency of insecticidal 
sprays could be improved by proper formulation without increasing 
foliar damage was quickly exploited in succeeding years in the for- 
mulation of pesticides for the control of insects and diseases. 

The physical forces operating at interfaces and the free-energy 
characteristics of surfactant solutions have received the attention of 
investigators for more than 75 years. Major advances with respect 
to pesticidal sprays were reviewed critically in 1921 (23) and in 1959 
(12). In 1915, the contact angle was introduced as a physical quan- 
tity which provided a vectoral representation of the interplay 
between several surface forces (3). Expansion of the contact-angle 
concept permitted distinction of the phenomena of wetting and 
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spreading (24). Later a refined quantity, the spreading coefficient, 
was developed (29). However, no single physical quantity proved 
adequate for indexing the wetting and spreading characteristics of 
pesticidal sprays. The importance of vital forces in penetration of a 
pestic ide was emphasized by the discovery that penetration of soap 
solutions through the trachea of an insect could not be completely 
accounted for by consideration of either capillary forces or the con- 
tact angle. No penetration of the solution occurred if the insect 
larva had been previously killed with potassium cyanide (29). 

Before the introduction of synthetic organic herbicides in the mid- 
1930's, little attention was given to the importance of spray com- 
position in foliar penetration. Earlier workers had been interested 
primarily in achieving adequate coverage and chemical deposition 
of contact insecticides and fungicides. In contrast, herbicides must 
also penetrate living and non-living plant tissues. Nine causes have 
been given for the increased herbicidal effectiveness which may result 
from the use of surfactants (6). However, evidence to establish the 
relative contribution of each to the aggregate penetration-activity 
process is critically needed. 

Some surfactants were shown to increase spreading on waxy or non- 

waxy surfaces but not necessarily on both (23). Critical studies dem- 
onstrated that selective phytotoxicity is partly a function of differen- 
tial spray retention by leaves of readily wettable and non-wettable 
species (1, 2). On species which were difficult to wet retention was a 
linear function of spray volume with characteristic slopes for differ- 
ent surface tensions. On wettable leaves, however, retention was 
independent of surface tension at low volumes and could not be 
increased above a plateau at a low surface tension. Another study 
revealed that the electro-negativity of the leaf surface in relation to 
the form in which a chemical was incorporated into the spray could 
materially affect the final chemical deposit (23). 

Surfactant interactions with herbicidal chemicals and enhance- 
ment of herbicidal activities were reported in the earliest days of 
experimentation with 2,4-D (31). Through the addition of sur- 
factants, several investigators later found significant increases in 
activity of a number of herbicides and growth regulators applied as 
sprays and dusts (10, 17, 18, 19, 20, 27, 28, 30). Such enhancement 
must be partly attributed to increases in rate or quantity of chemical 
uptake (11, 21, 22). The magnitude of increased uptake appears to 
depend on the nature of the surfactant and the concentration and 
form of chemical (18, 22, 25). Few investigators studied the influence 
of surfactant concentration and seldom employed the same surfac- 
tants in conducting work with different herbicides. The preceding 
facts perhaps help to resolve apparently conflicting reports of sur- 
factant effects found in the literature (5, 27). 

Reports of inherent phytotoxicity of surfactant solutions are as 
old as the history of surfactant additions to pesticidal sprays. Selec- 
tive phytotoxicity of soapy solutions was reported in 1890 (16). 
Similar toxicities of sulfated alcohols were reported in the mid- 
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1930's (4, 8). More recently, the toxicity of 39 proprietary surfactants 
to roots and leaves of six species was determined (15). However, 
many of the materials were of a mixed composition, and further 
determination of the phytotoxic principles would be very difficult. 
In an investigation of a homologous series of fatty acids and thei 
potassium soaps, phytotoxicity was correlated with the length of the 
alkyl chain (7). Phytotoxicity of the fatty acids to tomato, tobacco, 
potato, bean, cabbage, and nasturtium was found to be associated 
with the C-6 to C-12 members of the series. Among the soaps of these 
fatty acids, however, the phytotoxicity was largely restricted to the 
C-6 moiety. The concentration of either the acid or the soap deter- 
mined the magnitude of phytotoxicity. In more recent investigations 
other factors reported to influence the degree of surfactant phyto- 
toxicity to apple and plum leaves were found to be the age of the leaf, 
the variety of the species, nutritional status, weather, (13) and a num- 
ber of physico-chemical factors (14). The interaction of the surfactant 
phytotoxicity with herbicidal phytotoxicity has not been the subject 
of any definitive investigation in the past. 

In summation, surfactants influence a number of aspects of herbi- 
cidal spray behavior. The influences are exerted in the formulation 
of herbicidal concentrates, in the mixing of the concentrates in the 
spray tank, in spray delivery, in surface deposition, and to a certain 
extent in penetration. Definitive knowledge of the aggregate effects 
of surfactants on the activity of herbicides has been derived from 
widely separated sources which have no common bases for compari- 


sons. The present work attempts to index the aggregate effects by 
standardized procedures. Preliminary comparative evaluations of a 
large number of surfactants with several herbicides and on two 
representative species have been conducted. 


MATERIALS AND METHODS 

Corn (Zea mays cv. US 13) and soybean (Glycine max cv. Clark) 
were used throughout these studies as representatives of monocotyle- 
donous and dicotyledonous species and of plants with waxy and 
hairy leaf surfaces, respectively. Seeds were germinated and plants 
were grown under greenhouse conditions in polystyrene containers 
containing high-fertility potting soil of pH 6.5. Plants were thinned 
for uniformity to 2 plants per pot after emergence. Sprays were 
applied to both species just after expansion of the first trifoliate leaf 
of soybean, at which time the corn was in the 4- to 5-leaf stage. Plants 
were grown for two weeks after treatment. Moisture levels for opti- 
mal plant growth were maintained by sub-irrigation. 

Herbicides of a high degree of purity without additives of any 
type were employed. Those selected as representative of major classes 
were as follows: sodium salt of 2,2-dichloropropionic acid [dala- 
pon]; triethanolamine salt of 2,4—D, prepared from technical grade 
2,4-D and pure triethanolamine; triethanolamine salt of 4,6—dinitro— 
o-sec-butylphenol [DNBP], prepared from technical DNBP and 
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pure triethanolamine; and 3—amino-1,2,4—-triazole |amitrol].? All 
herbicides were water soluble. 

The 63 surfactants included in these studies were selected as rep- 
resentatives of the nonionic, anionic, cationic, and ampholytic classes 
of surfactants. Several blended surfactants were also included. These 
surfactants were selected from the accumulated stocks of proprietary 
and experimental surfactants on the basis of available purity infor- 
mation and physical or chemical data. Surfactants are referred to by 
accession number throughout the following pages. Pertinent chemi- 
cal information, proprietary designations, and sources of the various 
surfactants are given in Table 1. Surfactant number S—145, a non- 
ionic polyoxyethylene sorbitan monolaurate, was selected as a stand- 
ard for comparative studies and was employed in all experiments. 

Experimental treatments consisted of the individually formulated 
herbicide-surfactant systems. Surfactants in the first ten experiments 
were evaluated at concentrations of 0.001, 0.01, 0.1, and 1.0 percent 
on a weight-per-volume basis.* In later experiments the 0.001-percent 
concentration was omitted. Each treatment was replicated three 
times in a randomized-block experimental design. Appropriate herbi- 
cide and surfactant check treatments were included in each 
experiment. 

Applications were made by means of an endless belt spray table. 
In one experiment, spray volumes of 5, 10, 20, and 40 gal/A were 
applied. Uniform conditions of spray application were maintained 
by using a single nozzle tip and constant pressure. The different vol- 
ume delivery rates were achieved by varying the speed of the spray 
table and the height of the nozzle. Only the 40-gal/A volume was 
employed in other experiments. 

Experimental results are reported in terms of an activity index 
derived from 4 evaluations of herbicidal effectiveness. Seven days af- 
ter treatment a contact injury rating was assigned visually in accord- 
ance with the following scale: 0—no injury, |-3—varying degrees of 
spotting and minor leaf burn, 4-6—moderate degrees of burn or 
defoliation, 7-9—severe leaf burn or severe reduction of foliage, 
10—complete killing of the test plants. A general injury rating, based 
upon a similar 0-10 scale for slight, moderate, and severe injuries, 
ascertained from morphogenic effects and general physiognomic char- 
acteristics, was assigned 14 days after treatment. Randomly selected 
untreated groups of test plants were measured and weighed at the 
beginning of each experiment for comparative determination of 
treatment effects on height and weight during the 2-week treatment 
period. All height data were based upon individual measurements 
and all weight data upon the pooled top weights per pot. Growth 
data of plants in water-sprayed check treatments were used as refer- 
ence standards for calculating percentage reductions in height and 
weight in other treatments. The average of these four values—con- 


*Pictorial records were made before the approval of “amitrole” as the common 
name for 3-amino-—|,2,4—-triazole. The earlier name “amitrol” is therefore retained 
throughout the present paper to provide for uniformity in usage. 

“Grams of active surfactant per 100 ml of solution. 
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tact injury yating, general injury rating, and height and weight 
reduction percentages—on a 0 to 100 basis constitutes the activity 
index, in which 0 represents no injury and 100 indicates death of 
the test plants. 

The ex,eriments reported herein were conducted under ambient 
greenhouse conditions during September to June of the seasons 
starting in 1958 and 1959. Maximum day temperatures averaged 
about 90° F. but ranged from 70°-110° for the coldest and hottest 
periods, respectively. Night temperatures averaged 10°-15° lower 
than the daily maxima but through use of thermostatically con- 
trolled heaters were not permitted to fall below 70°. Photoperiods 
of 14-15 hours were maintained by supplemental incandescent lights 
during the winter. 

RESULTS 
Standardization of evaluation techniques. 

Two preliminary experiments were conducted to develop ade- 
quate and convenient experimental techniques and procedures. In 
the second experiment the standard surfactant, S—-145, was evaluated 
in combination with dalapon at 4, |, and 2 Ib/A; 2,4—D at '/30, '/ 16, 
and 4 lb/A=DNBP at 4, Y, and | Ib/A; and amitrol at 4, % and 
1 Ib/A. Increases in surfactant concentration characteristically 
increased the degree of herbicidal response of one or both species 
to each of the individual rates of all herbicides. Typical experi- 
mental results are depicted in Figure |, which illustrates the effects 
of 2,4—D and amitrol on soybean. 

Several important conclusions concerning surfactant action in 
herbicidal sprays may be drawn from the results of the second experi- 
ment. (1). Herbicidal activity was a function of both the rate of 
herbicide application and the concentration of surfactant in the 
spray solution. In factorial arrayments of the treated plants (Figure 
1) levels of herbicidal activity could be contoured. (2). The S—145 
standard surfactant possessed little or no phytotoxicity to the test 
species over the range of concentrations employed. (3). The magni- 
tude of surfactant enhancement of activity at a given herbicide level 
was increased as the rate of application of herbicide was decreased. 

On the basis of the results of the preliminary experiments, rates 
of each herbicide were selected for inclusion in subsequent evalu- 
ation experiments as follows: for dalapon, | Ib/A; for 2,4—D, '/i¢ 
lb/A; for DNBP, 1% Ib/A; and for amitrol, 14 Ib/A. 

Effect of volume rate of spray application. 

Although the preliminary experiments permitted the standardi- 
zation of procedures for systematic evaluation of surfactants, they 
did not establish whether the surfactant effects obtained were a func- 
tion (a) of the per-unit-volume concentration of the surfactant o1 
(b) of the actual amounts of surfactant received by each plant. The 
importance of these two possibilities was investigated in an experi- 
ment in which the standardized rates of herbicide application and 
the per-unit-volume concentrations of surfactant were held con- 
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Figure 1. Relation of herbicide rate and surfactant concentration to activity of 
herbicides on soybean: top, 2,4-D; bottom, amitrol 


stant. The various herbicide—surfactant combinations were applied 
in spray volumes of 5, 10, 20, and 40 gal/A. Typical results, showing 
the activity indices for dalapon- and 2,4—D-treatments on the two 
test species, are illustrated in Figure 2. 

Interpretations of the results of this experiment are based upon 
the following considerations. If the per-unit-voluiae concentration 
of surfactant is the important point, the relative enhancement of 
herbicidal activity should remain relatively constant at any one sur- 
factant concentration regardless of spray volume. On the other hand, 
if the amount of surfactant is the important consideration, propor- 
tional decreases in surfactant enhancement of herbicidal activity 
should be experienced as spray volume is decreased from 40 to 5 
gal/A at any one surfactant concentration. At the 5-gal/A rate, the 
amount of surfactant is reduced to 14 of the amount applied at 40 
gal/A. At the same time, the amount of surfactant applied at one 
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Figure 2. Effects of spray volume and surfactant concentration on herbicidal 
activity of dalapon and 2,4-D on corn and soybean 


surfactant concentration is '/,, of that at the next higher concen- 
tration at a given spray volume. Therefore, a closer agreement 
should exist between the 5-gal/A value at the 1.0-percent surfactant 
concentration and the 40-gal/A rate at the 0.1-percent concentration 
than between the 5- and 40-gal volumes of the 1.0-percent concen- 
tration. Figure 2 reveals that the experimental results fit better the 
interpretation that surfactant concentration, not the amount, is the 
important consideration. Similar results were obained with DNBP 
and amitrol. 

A nonionic polyoxyethylene thioether [S—102], which had shown 
considerable phytotoxicity per se at the 1.0-percent concentration in 
other experiments, was also included in the concentration-volume 
experiment at the 1.0- and 0.l-percent concentrations. In other 
experiments, phytotoxicities due to surfactants had been found to 
be generally additive to the typical surfactant enhancement such as 
is attained with S-145. The purpose for including S—102 was to 
determine whether decreases in the volume rates of application 
would influence this phytotoxicity. Results indicated that as spray 
volume was lowered and the amount of surfactant decreased, sur- 
factant phytotoxicity was also reduced. Herbicidal activity responses 
more nearly approached those of the standard surfactant combina- 
tions. In general, then, except for instances of inherent surfactant 
phytotoxicity, the per-unit-volume concentration of the surfactant 
exerted the greater influence on surfactant enhancement of herbicide 
activity. 
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Statistical evaluation of standard evaluation treatments 
and effects of the standard surfactant on herbicidal activity. 


The inclusion of the standard-surfactant and herbicide-check 
treatments in each evaluation experiment permitted verification of 
the usefulness of techniques by certain statistical analyses of data. 
The means and standard errors for these treatments from the first 
ten evaluation experiments are plotted in Figure 3. An analysis of 
variance for the activity indices showed that all differences due to 
herbicides, concentrations, species, interactions, and replications in 
time were highly significant but that least variance was to be 
expected from replication of the treatments in time. The calculated 
LSD’s for comparison of means were as follows: P;% 6.1, P,% 


DALAPON (! LB/A) 2.4-D (% 
S148 SURFACTANT | 5.143 \sTanoane 
corn SOY@EAN corn 








ACTIVITY INDEX 











tom of 18 
SURFACTANT CONCENTRA’ 
DNBP ( AMITROL (% "a 
S-'45 (STANDAR 8-145 (Sl anpaal 
corn CORN 


— os « ry 
SURFACTANT CONCE 











oo e oe 8m oe o ee 
SURFACTANT CONCENTRATION (% wv) 

Figure 3. Effects of a polyoxyethylene sorbitan monolaurate [S—145] on the activity 
of four herbicides on two species——Light horizontal bars denote activity of 
each herbicide in the absence of surfactant. Dark curves are plotted for the 
surfactant-herbicide combination treatments. Width of bars represents the 
mean + the standard error, calculated from data from 10 experiments. 


8.0. The coefficient of variability was 10.6%. The validity of experi- 
mental results would seem to be adequate on the basis of these 
statistics. 

With but two exceptions, surfactant S—145 showed a characteristic 
enhancement of herbicidal activity over the entire range of sur- 
factant concentrations used. Highly significant increases in herbi- 
cidal activity were obtained at concentrations of surfactant greater 
than a threshold concentration of 0.01 percent. Each curve shows a 
more or less linear relationship between activity index and the 
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logarithmic concentration of surfactant above the critical concen- 
tration. S—-145, however, failed to enhance the activity of 2,4—-D at 
1/1, Ib/A on corn. With DNBP activity on corn, the threshold 
for initial surfactant enhancement occurred at the 0.1—percent 
concentration. 

Throughout these experiments the standard surfactant S—145 
showed essentially no inherent phytotoxicity. At the 0.1- and 1.0- 
percent concentrations on soybean activity indices of four and five, 
respectively, were barely significant at the 5-percent level of con- 
fidence. The response was apparent as a slight general growth 
inhibition and localized retardation of mesophyll development, 
which resulted in a pock-like appearance of mature primary leaves. 
Comparative evaluations of other surfactants. 

From three to eight new surfactants were selected for examination 
in each of 15 successive experiments. All results have been grouped 
and reported separately for the nonionic-, anionic-, cationic-, am- 
pholytic-, and blended-surfactant classes (Table 1). 

No attempt is made here to discuss each of the individual sur- 
factants included in these investigations. Throughout the experi- 
ments certain characteristic types of behavior of the surfactants 
prevailed. In addition, several surfactant-induced responses which 
modified characteristic behavior were disclosed. Since the reader may 
wish to review the detailed tabular data for specific purposes, the 
various surfactant effects are discussed in only broad generalities. 


The most frequently encountered type of surfactant action was 
enhancement of the herbicidal activity. For the most part, such 
enhancements followed the same general patterns exhibited by 
standard surfactant S-145 discussed previously. Characteristically, 
the breakpoint or threshold for surfactant enhancement was found 
within the range of concentrations from 0.01 to 0.1 percent and the 
degree of enhancement was greatest at the 1.0-percent concentration 
of the surfactant. The levels of enhancement obtained with indi- 
vidual surfactant concentrations were usually of the same order of 
magnitude as those obtained with equivalent concentrations of the 
standard surfactant. Occasionally, however, marked increases above 
the levels of the standard surfactant were noted. This fact is illus- 
trated in Figure 4, in which the relative enhancements of DNBP 
activity on corn are shown for the standard surfactant S-145 and 
for S—034, the sodium salt of an alkyl aryl sulfonate type of anionic 
surfactant. Examination of the detailed tabular data for the latter 
surfactant in Table | reveals that S—034 had considerable inherent 
phytotoxicity at the 1.0-percent concentration. In the case of DNBP 
treatments the total activity resulting from the combination of 1.0 
percent of S034 with DNBP was much greater than the sum of the 
individual phytotoxicities of the mixture components. Instances of 
additive effects were found when this surfactant was combined with 
other herbicides. An important consideration would appear to be 
that an individual surfactant did not necessarily behave similarly in 
combination with all herbicides on the two species. In those instances 
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Figure 4. Surfactant enhancement of the activity of DNBP in corn.—S-—034, a 
sodium salt of an alkyl aryl sulfonate, showed enhancement superior to that 
of S-145, the standard surfactant. 


in which surfactant enhancement of herbicidal activity occurred, 
the enhancement appeared to be a function of the surfactant con- 
centration but could be modified by inherent phytotoxicity of the 
surfactant in either a synergistic or additive manner. 

In contrast to the enhancement of herbicidal activity just dis- 
cussed, marked suppression of activity as a function of surfactant 
concentration was also observed. The materials which caused this 
type of action in the most striking manner were several polymerized 
salts of alkylaryl sulfonic acids, which are found in widespread 
industrial use as dispersing agents. Enhancement of activity, typically 
caused by S—145, and marked herbicide suppression, obtained with 
the anionic dispersant S064, are contrasted in Figure 5. At the 0.1- 
and 1.0-percent concentrations of S—064 the characteristic expres- 
sions of 2,4—D activity in curvature, leaf malformation, and callus 
formation on the stem were progressively reduced. The activity 
indices for this series of treatments are given in Table |. 

Non-effective surfactant action, a third type of effect on herbicide 
activity, was found in every ionogenic class of surfactants. In such 
instances, the initial level of herbicidal activity remained unchanged 
over the entire range of surfactant concentrations used. The cationic 
surfactant S-010 (Table 1) was especially interesting, because it 
demonstrated all three of the basic types of surfactant activity. 
Typical surfactant enhancement was obtained with dalapon on both 
corn and soybean and with 2,4—D and amitrol on soybean. This sur- 
factant suppressed the activity of DNBP on corn as concentration 
of the surfactant was increased from 0.001 to 0.1 percent. It also sup- 
pressed the activity of amitrol on corn at the two lower concentra- 
tions. However, it failed to affect the activity of DNBP on soybean. 
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Figure 5. Comparative effects of two surfactants on the activity of 2,4—D in soy 
bean.—S-—064, a mono-calcium salt of polymerized arkyl aryl sulfonic acids, 
suppressed the activity of 2,4-D and S-145, the standard surfactant, enhanced 
the activity of 2,4—-D as surfactant concentration was increased 


Many of the surfactants evaluated showed considerable herbi- 
cidal potential in the absence of herbicidal chemicals. Such phyto- 
toxicities of surfactant solutions have been reported throughout the 
past 70 years (7, 13, 14, 15, 16). However, the magnitude of the phyto- 
toxicities and the amount of surfactant required to elicit the various 
responses cannot be conveniently ascertained. In the present investi- 
gations, the application of a 1.0-percent concentration of a sur- 
factant at a volume application rate of 40 gal/A deposited an amount 
of surfactant equivalent to 3.3 pounds of the active surfactant per 
acre. At the lowest concentration employed, 0.001 percent, the appli- 
cation rate amounted to 0.0033 pound of active surfactant per acre. 
The overall dosage effects of several closely related surfactants are 
graphically presented in Figure 6. 

Three points, illustrated, in Figure 6, seem important. First, phyto- 
toxicity, when it was found, was most characteristic of the 1.0- 
percent concentration of surfactant. Second, distinct selective phyto- 
toxicities were exhibited by individual surfactants. Third, a number 
of surfactants exhibited stimulatory activity, particularly at lower 
concentrations. Such effects were noted throughout the course of 
these investigations and are indicated throughout Table | by nega- 
tive values for various surfactant-water treatments. 

Because of the manner in which the activity index is calculated 
for each treatment, negative values can arise only from two sources, 
namely, from growth increments in height or weight greater than 
those of the water-sprayed check treatments. The height and weight 
reduction percentages of soybean plants treated with several concen- 
trations of S-113 in water illustrate the magnitude of growth 
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Figure 6. Biological activity of several closely related surfactants in corn and soy- 
bean.—The grouped bar graphs represent the activity indices of the four 
concentrations of each surfactant. S-numbers designate individual surfactants. 
Positive values indicate phytotoxicity; negative values, growth stimulatory 
activity. 


stimulations (Table 2). Heights of plants treated with 0.001, 0.01, 
and 0.1 percent of S—113 were significantly greater than those of the 
controls. The range in heights from the 0.001- to 1.0-percent concen- 
trations, however, fell just short of significance at the 5-percent level 
of confidence. The three lower concentrations of S—113 failed to 
give significant increases in the weights of soybean plants. Neverthe- 
less, the general trend of weight changes from a 17-percent stimula- 
tion at 0.001 percent to a 31-percent reduction at 1.0 percent of S—-113 
represented a highly significant range difference. The activity indices 
to which these values contributed (Table | and Figure 6) reflected 
highly significant growth promotions at the 0.001- and 0.01-percent 
concentrations—values of —9 and—8, respectively—but failed to 
show any of the 24-percent height stimulation at the 0.1-percent 
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Table 2. Effects of concentration of surfactant S-113 on growth of soybean plants. 
—Negative values indicate percentage of growth stimulation; positive values, 
percentage of growth inhibition. 


S-113 Height reduction | Weight reduction 
Percent w/v 


0.001 < -17 

0.01 —14 

0.1 

1.0 

LSD: P = 5% , 
P 1% 7 29 


*, ** Values represent differences at 5% and 1% levels of probability, respectively, from growth 
in water-sprayed check treatments. 


concentration. Thus, many of the growth promotions actually ob- 
served in the course of the evaluation studies may be masked in the 
activity indices by positive values arising from visual ratings. 

The structural complexities of surfactant molecules render the 
systematic naming of these compounds extremely difficult. For 
example, surfactants S038 and S—154, data for both of which are 
included in Figure 6, were carried in the inventoried stock as an 
alkyl phenyl polyethylene glycol ether and as an alkyl phenoxy 
polyoxyethylene ethanol, respectively. Recent information revealed 
that these two proprietary materials contain the same surface-active 
ingredient, viz. the nonylphenyl ether of polyoxyethylene glycol. 
Although the experiments in which these two preparations were 
evaluated were separated by more than 3 months, the activities of 
the two “surfactants” on the two test species were strikingly similar. 
Examination of the detailed data on these preparations in Table | 
reveals also that the combination effects of the surfactant with the 
different herbicides were also similar on both species. Such results 
provide additional support for the adequacy of the experimental 
techniques and procedures. 

In final analysis, a number of individual effects attributable to 
surfactant components of herbicidal spray systems were identified. 
Three types of surfactant actions on herbicidal activity—(1) enhance- 
ment, (2) suppression, and (3) lack of effect—were found. Surfac- 
tants in themselves may be either growth stimulatory or phytotoxic, 
and such properties may modify the character of the surfactant- 
herbicide response of a test species. Another point for consideration 
is that no single surfactant effect was found to be correlated with 
any single ionogenic class of surfactants. Insufficient structural data 
prevented reclassification of surfactants by any other scheme. 

In field investigations at Beltsville in 1960, post-emergence appli- 
cations of surfactant-herbicide combinations were made with a 
logarithmic field sprayer. The standard surfactant, S-145, was 
logarithmically applied simultaneously with a constant rate of 
application of each of the 4 herbicides used in the greenhouse 
studies. Amitrol was logarithmically applied with individual con- 
centrations of S—145, a surfactant which enhanced activity, and 
S—144, an anionic dispersant which suppressed activity. Test species 
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used were corn, soybean, peanut, safflower, — ryegrass, pigweed, 
and ragweed. All of the major surfactant effects obtained in the 
greenhouse evaluation studies were confirmed under field conditions. 


DISCUSSION 


In the present work the measurement of surfactant effectiveness 
was restricted to its uj;imate expression in biological activity of the 
various herbicides employed. No attempt was made to correlate 
surfactant effectiveness with changes brought about in such phe- 
nomena as spreading, wetting, adherence, penetration, and chemical 
interaction with the herbicides. Such determinations should follow 
logically the preliminary evaluations. 

Most of the critical studies conducted in the past attempted to 
correlate effectiveness of surfactants with surface activities of the 
solutions employed. Hence, considerable attention was given to such 
physical quantities as surface tension, interfacial tension, and 
adhesion, or in other words, to the free-energy characteristics of the 
interfaces. Most organic substances in solution will modify the 
free-energy relationships of the solvent; however, surfactants are 
distinguished by their ability to bring about these changes in an 
extreme fashion (26). In aqueous systems, most surfactants cause a 
very rapid drop in surface and interfacial tensions at extremely low 
concentrations. Within a narrow concentration range, 0.01 to 0.1 
percent, the rapid fall in surface tension and interfacial tension 
begins to level off an:i little subsequent change is experienced with 
additional increases «+n concentration. The base of the steep fall in 
tension coincides ver, closely with what has been termed the critical 
micellar concentration for a surfactant. At this concentration initial 
aggregation of surfactant molecules into colloidal micelles occurs. 
At higher concentrations, most surfactants probably exist as strong 
colloidal systems. 

The present work confirms previous findings (28) that the major 
influences of surfactants upon herbicidal activity are to be found in 
the range of concentrations beyond which the greatest changes in 
surface and interfacial tensions occur. In addition to such changes 
in the free-energy relationships at phase interfaces, however, sur- 
factants also modify the characteristic drop in electrical potential of 
a two-phase system (26). When one — is in a finely dispersed 
state, as in an emulsion or a dispersed solid system, cataphoresis or 
movement of charged particles under the influence of an electrical 
attraction may occur. The importance of this phenomenon to the 
movement of a pesticidal chemical from the spray solution into the 
plant requires detailed investigation. Other bulk properties of sur- 
factant solutions should also receive much more attention. Marked 
changes in electrical properties, osmotic properties, diffusion prop- 
erties, solubility and solubility-temperature relationships, viscosity, 
optical properties, and solubilization effects occur in the range of 
concentrations in which surfactants affect changes in herbicidal 
activity. Thus, surfactant effects on herbicidal activity probably 
correlate best with the colloidal state of the surfactant system. The 
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data in this paper should prove valuable in designing future critical 
experiments to correlate surfactant actions with physical and 
chemical phenomena. 

Despite the lack of explanation for the various types of surfactant 
effects encountered in these studies, immediate application of the 
information could be made in a number of applied fields. Direct 
application of the data to problems in pesticide formulation is 
obvious. The basic results were substantiated by field experimenta- 
tion. A number of possibilities by which herbicidal spray systems 
could be tailor-made for specific weed and weed-crop problems were 
suggested by these investigations. 

Judicious selection of surfactants and concentrations might greatly 
increase the efficiency of herbicidal applications in controlling re- 
sistant weed species, lessen the possibility of damage to desirable 
plants, and decrease the cost of herbicidal application. Many of the 
surfactants at certain concentrations may increase the activity of a 
herbicide on one species but not on another, or they may bring 
about specific suppression of the herbicidal activity. Since an indi- 
vidual surfactant may also behave differently with different herbi- 
cides, appropriate selection of the surfactant and its concentration 
could conceivably either (a) increase the weed-killing potential of a 
herbicide in a resistant crop or (b) decrease the injury to a a 
sensitive crop without affecting the weed-killing potential of a given 
herbicide dosage. In other situations addition of surfactant may per- 
mit a significant reduction of the herbicidal dosage without loss in 
effectiveness of the herbicide, or it may step-up the effectiveness of a 
chemical for the control of troublesome resistant weeds. Other 
possibilities may occur to the reader. 

The results reported herein have only reemphasized the impor- 
tance of this promising field of investigation in weed control tech- 
nology. By systematic evaluation and indexing of a large number of 
surfactants, the areas in which more critical investigation is needed 
for aqueous foliage sprays become more apparent. Similar evalu- 
ations should be made of the oil-in-water and water-in-oil emulsi- 
fiable systems and of the complete oil systems. The spectra of species, 
chemicals, and chemical formulations should be expanded. Also, 
surfactant influences on herbicides applied to the soil as sprays, 
dusts, or granules should not be overlooked. The ultimate solution 
of many surfactant problems in chemical weed control technology 
undoubtedly will require coordinated research in a number of physi- 
cal, chemical, and biological disciplines. 


SUMMARY 


1. An experimental technique for the evaluation of the effects of 
surfactants in aqueous spray systems of several herbicides was 
developed. 

2. Sixty-three surfactants, representative of anionic, cationic, non- 
ionic, ampholytic, and blended-surfactant classes, were evaluated 
in the greenhouse for effects on the herbicidal activity of water- 
soluble forms of dalapon, 2,4-D, DNBP, and amitrol. Two represen- 
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tative test species, corn and soybean, were employed. A polyoxy- 
ethylene sorbitan monolaurate, S—145, was included as a reference 
standard in all experiments. 

3. Surfactants exhibited three characteristic types of action on 
herbicidal activity. Most commonly, progressive enhancement of 
herbicidal activity was obtained with logarithmic increases in sur- 
factant concentrations. Some surfactants brought about progressive 
suppression of the herbicidal activity, and still others were ineffective 
in changing the level of activity attributable to the herbicide alone. 

4. Many surfactants showed marked inherent phytotoxicity at 
higher concentrations, and some were growth stimulatory at low 
concentrations in the absence of herbicides. 

5. Surfactant effects were not necessarily the same on both species, 
with all herbicides, or at all initial levels of herbicidal activity. No 
corrclation was found between any one of the effects of a surfactant 
and the ionogenic class to which the surfactant belongs. 

6. Principal results obtained in greenhouse experiments were 
confirmed under field conditions. 

7. The possible applications of surfactants to future weed control 


research are discussed. 
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Variation in Morphological Characteristics and Dalapon 
Susceptibility within the Species Setaria lutescens 
and S. Faberii' 


P. W. SANTELMANN and J. A. MEADE? 


a. grasses continue to be a problem. Some of the most preva- 
lent annual grass weeds are members of the foxtail (Setaria) 
genus. Although these species can be controlled chemically, farmers 
have often had failures. One possible cause of these failures could be 
variability within the species. 

The presence of weed “varieties” or selections within species has 
long been known. Hansen (3) in 1918 mentions varietal differences 
in the appearance of Canada thistle (Cirsium arvense (L.) Scop). 
Gleason (2), Willard (10), and others (1, 9) discuss two or more forms 
of Canada thistle. Kephart (7), and Fernald (1), list varieties of 
quackgrass (Agropyron repens (L.) Beauv). Gleason (2) states that 
quackgrass is “highly variable in color from green to glaucous, in 
pubescence of sheaths, blades and rachis, in shape of glumes, and in 
presence and length of awns.” 

Hubbard (5) reported many varieties of Setaria viridis (L.) Beauv. 
and S. italica (L.) Beauv. He called S. viridis an extremely variable 
species, and described two varieties—var. ambigua and var. Wern- 
manni. He found S. italica to be exceedingly variable, and describes 
in detail 3 subspecies, 5 varieties, 6 subvarieties, and 6 formae. He 
also lists 8 cultural names attached to different varieties. In addition, 
he (6) reported many varieties and forms of S. barbata (Lam.) Kunth. 
Gleason (2) lists three varieties of S. viridis, differing primarily in 
bristle characteristics and growth habit. Hitchcock (4) notes vari- 
ability in S. macrostachya H.B.K., and Fernald (1) in S. verticillata 
(L.) Beauv. 

These experiments were carried out in an attempt to determine 
the extent of variability of morphological characteristics and herbi- 
cide susceptibility within the species S. lutescens (Weigel) Hubb. 
(yellow foxtail) and S. faberii Herrm. (giant foxtail). 


MATERIALS AND METHODS 


During the summer of 1958, head samples of both giant and yel- 
low foxtail were collected at various locations in Maryland. Most 
of the samples were collected in the coastal plain area of eastern 
Maryland, but a few were collected in the Piedmont area of central 
Maryland. All Maryland samples were collected when the heads 
were fully mature and shattering. Dr. J. Morre of Purdue University 
supplied one giant foxtail seed sample, and Dr. R. Peters of the 


*Received for publication September 26, 1960. Scientific article No. A879, 
Contribution No. 3190 of the Maryland Agricultural Experiment Station. Research 
carried out as part of a contributing project to Cooperative Regional Research 
Project NE-42. 

*Assistant Professors, Department of Agronomy, Maryland Agricultural Experi 
ment Station, College Park, Maryland. 
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University of Connecticut supplied one yellow foxtail seed sample. 

Fifteen giant foxtail samples and 8 yellow foxtail samples were 
collected in Maryland. The greatest distance between the sources of 
any two samples was 100 miles. The seed was air-dried and stored 
at room temperature. During the winter of 1958-59, the giant foxtail 
seed was subjected to cold temperatures for 3 weeks in order to 
improve the germination (8). 

Each selection was planted in the field in two 13-foot rows, | foot 
apart, on May 6, 1959 after treating the area with sodium methy]l- 
dithiocarbamate to sterilize the soil. During the summer, notes were 
made on the growth characteristics of the plants. For each selection, 
at least 15 plants were individually observed and recorded, and the 
data averaged. While the plants were small, two-foot sections of each 
row were treated with two pounds of dalapon (sodium 2,2—dichloro- 
propionate) per acre, and visual estimates of the degree of injury 
made at various dates. 

In the fall of 1959, the selections of each species were seeded in 
greenhouse flats and treated at the two-leaf stage with two pounds of 
dalapon per acre and at the four-leaf stage with four pounds per 
acre. 

RESULTS AND Discussion 


Considerable variation was found in the growth habit of the yel- 
low foxtail collected from various locations. As indicated in Table 1, 


Table 1. Variation in vegetative and reproductive growth between various 
selections of Setaria lutescens (Weigel) Hubb. grown in the field (each measure 
ment is an average of 15 to 20 plants). 1959. 


Plant Green- No Heads 
height house of Lodged per 
Origin, county cm leaf tillers 9/2 plant 
or state 8/6 width 8/6 8/6 
mm 


20.4 Yes 18.9 
21.8 No 17.2 
Caroline 26.9 Yes 26.1 
Caroline 15.3 Yes 12.3 
Talbot 3 13.1 No 7.6 
2 Anne ; 14.8 No 8.0 
Montgomery 29.1 No 19.7 
Prince George 14.5 No 12.6 
Connecticut 14.5 Yes 14.5 


Wicomico 
Dorchester 


**M” indicates milk stage, ““SD"’—soft dough, “‘HD’’—hard dough 


some were quite prostrate, branching out horizontally from the 
crown and reaching a maximum height of 25 cm. above the ground. 
Others consistently grew upright, reaching a maximum height of 
53 cm. There was also considerable variation in leaf width (2 to 5 
mm) and in amount of lodging. On September 2, four of the selec- 
tions had lodged severely; the others remained upright. Tiller num- 
bers varied from an average of 13.0 to 26.9 per plant. Three selec- 
tions had severe stem rust injury; the rest did not. In general, there 
was little variation within the rows of each selection. 
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As the selections matured in the fall, there was considerable vari- 
ation in date of heading, number of heads per plant, and rate of seed 
development. Heads of some varieties had emerged by July 6, others 
had only begun to emerge on July 23. The average number of heads 
per plant varied from 8.0 to 26.1. The average seed stage on August 
18 varied between selections from milk to hard dough, and 60 per 
cent of the seed had shattered from the heads of one selection. An- 
other selection had not begun shattering seed. 

The end of each row was sprayed with two pounds of dalapon per 
acre when the plants were small, and then injury ratings made on a 
scale of 0 to 10, in which 0 equalled no injury, and 10 equalled 
complete kill. All but three yellow foxtail selections were rated as 4 
on July 23 (Table 3); the other three were rated higher. On August 
18 some selections had almost completely recovered from the treat- 
ment (rated 2 or 3) and were producing seed. Other selections were 
essentially dead, stunted, and brown, with only traces of green color 
showing (rated 7, 8, 9), and did not produce heads or viable seed. 
Greenhouse treatments showed the same variability in dalapon 
susceptibility. 

As shown in Table 2, all 16 of the giant foxtail selections had an 
upright type of growth, the average height between selections vary- 
ing from 104 to 150 cm. The variation between selections in average 


Table 2. Variation in vegetative and reproductive growth between various 


selections of Setaria Faberii Herrm. grown in the field (each measurement is 
an average of at least 15 plants). 1959. 


Plant No < - Pct. seed 
Origin, county height of Lodged - age shattered 
or state cm 9 
8/6 8/18 


Worcester 140 
Somerset 10 
Wicomico 135 
Wicomico 147 
Wicomico 112 
Caroline 1 
Dorchester 1 
Dorchester 12 
Talbot 1 
Caroline 1 
Queen Anne 1 
Kent 1 
Cecil 1 
Montgomery 1 
Howard 1 
Illinois. 1 


12 
17 
7s 
+ 
» 
1 
2 
5( 
) 
35 
> 
» 


*Severely lodged 
»*M”’ indicates milk stage, ““SD”’—soft dough, “‘D’’—dough, “‘HD’’—hard dough 


number of tillers was from 7.1 to 15.1. As with the yellow foxtail, 
some selections lodged quite severely, some slightly, and some not at 
all. In vegetative growth, the giant foxtail selections were taller, 
had fewer tillers, and appeared to be less variable than the yellow 
foxtail selections. 

Some plants of giant foxtail had begun to head on July 6, others 
did not begin heading until after July 28. The average number of 
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heads per plant varied from 0.6 to 9.5, and was not as closely cor- 
related with tiller numbers as was the yellow foxtail. The average 
maturity varied widely between selections. On September 2, 75 per 
cent of the seed of some selections had shattered, but only 5 per cent 
of others. 

Susceptibility to dalapon varied widely as shown in Table 3. On 
July 23, plant injury ratings varied between 2 and 6. About a month 
later some selections were rated 8 or 9, were practically dead, and no 
seeds were produced. Other selections were rated 3 or 4 and produced 
seed. In the greenhouse, all selections except one were fairly resistant 
to four pounds of dalapon per acre at the four-leaf stage. However, 
most were fairly susceptible to two pounds at the two-leaf stage. 


Table 3. Variation in susceptibility of various selections of Setaria lutescens 
(Weigel) Hubb. and S. Faberii Herrm. to dalapon in the greenhouse and field 
Data reported as injury rating scale, in which 0 equals no injury, 10 equals 
complete kill. 


Field Greenhouse 


Setaria lutescens 
Origin, county or 
11 


Wicomico 
Dorchester 
Caroline 
Caroline 
Talbot 

Queen Anne 
Montgomery 
Prince George 
Connecticut 


4 
4 
4 
4 
4 
4 
. 


Seyuunw 


~ 
9 


Setaria Faberu 


10/8 


~) 
w 


Worcester 
Somerset 
Wicomico 
Wicomico 
Wicomico 
Caroline 
Dorchester 
Dorchester 
Talbot 
Caroline 
Queen Anne 
Kent 

Cecil 
Montgomery 
Howard 
Illinois 


NVWVNNNNWwWWwwwh 


a22rw 
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*Stage A, 2 lb/A at the 2 leaf stage, plants 1 4 inches tall age B, 4 1b/A at the 4 leaf stage, plants 


6 inches 
bOn 12/8, all Stage B plants had recovered. 


The variability between selections within a species can be im- 
portant to weed research workers. In greenhouse work, for example, 
a worker may have seed from several selections of foxtail mixed 
together, such as from various small lots of seed collected in the field. 
This mixture of selections could lead to highly variable results. 
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Thus, it would be most desirable to use seed from only one lot for 
a given experiment. Also, the variability within species in dalapon 
susceptibility might explain some of the failures or partial failures 
in control of these species on the farm. 


SUMMARY 


During 1958, seed samples of 9 yellow foxtail (Setaria lutescens 
(L.) Beauv.) and 16 giant foxtail (S. faberii Herrm.) selections were 
collected from different locations. In 1959 these were seeded in 
individual plots in sterilized soil in the field. During the growing 
season the characteristics of each selection were recorded. The 25 
selections were treated with dalapon in the field and in the 
greenhouse. 

Wide variation was found between selections within each species 
in growth habit, height, leaf width, lodging, number of heads, rate 
of seed development, and dalapon susceptibility. These variations 
might be at least a partial cause of failures in the use of herbicides 
for foxtail control. 
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Soil-incorporated Pre-planting Herbicides for 
Witchweed Control’ 
E. L. Rosinson? 

a [Striga asiatica (L.) Kuntze] is an annual parasite 

which was discovered in North Carolina and South Carolina of 
the southern United States in 1956 (1). This weed presents a hazard 
to the economic production of corn (2, 6), sorghum, sugarcane, and 
other host plants. 

In field investigations, the sodium salt of 2,4—dichlorophenoxy- 
acetic acid (2,4—D) and other formulations of this herbicide applied 
as post-emergence sprays to witchweed-infested sorghum have killed 
the newly attached and emerged witchweed plants without significant 
injury to the sorghum (4, 7). In laboratory studies, a 0.1 percent 
solution of 2,4-D a to the surface of the soil killed the under- 
ground seedlings of witchweed to a depth of 6 inches (3). 

In preliminary investigations at Whiteville, North Carolina, in 
1957, pre-planting soil-incorporated treatments resulted in a more 
consistent kill of witchweed than either pre-or post-emergence treat- 
ments (5). The objective of the study reported herein was to evalu- 
ate several pre-planting soil-incorporated herbicides for the control 
of witchweed in corn. 


MATERIALS AND METHODS 


In 1958 and 1959, field investigations were conducted on a rela- 
tively infertile, shallow phase, Lakeland sand at Whiteville, North 
Carolina. In both years, a 5-10-10 fertilizer at 600 pounds per acre 
was applied at planting time and 100 pounds per acre of additional 
nitrogen was broadcast when the corn was three feet high. 

In 1958, the experiment was a randomized block with four repli- 
cations. The plots were 12 feet wide and 40 feet long. The herbicides 
were applied to the surface of the soil and incorporated in the upper 
four inches by going over once with a double disk harrow. Corn 
hybrid Dixie—-18 was planted seven days after the herbicides were 
incorporated. The herbicides used in 1958 were an alkanolamine 
salt of 2,4—D, the sodium salt of 2,3,6-trichlorobenzoic acid (2,3,6- 
TBA), 2-chloro—4,6—bis(ethylamino)—s—triazine (simazine), ethyl! 
N,N-di-n-propylthiolcarbamate (EPTC), 3-(p-chlorophenyl)-1,1- 
dimethylurea (monuron), 3—(3,4—dichloropheny])—!,1—dimethylurea 
(diuron), 2-chloro—N ,N-diallylacetamide (CDAA), 2-chloroallyl di- 
ethyldithiocarbamate (CDEC), and isopropyl N-—(3—chloropheny!) 
carbamate (CIPC). 

The most promising herbicides as pre-planting soil-incorporated 
treatments in the 1958 investigations were the alkanolamine salt of 


‘Received for publication September 28, 1960. 

*Agronomist, Crops Research Division, Agricultural Research Service, U. 5 
Department of Agriculture, in cooperation with the Plant Pest Control Division 
and the North Carolina Agricultural Experiment Station, Whiteville, North 
Carolina. 
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2,4—D and the sodium salt of 2,3,6-T BA. In 1959, these two herbi- 
cides plus the sodium salt of 2,3,6—tric hlorophenylacetic acid (fenac), 
2,4—-dichlorophenoxyacetamide, the monoethanolamine salts of 2- 
methoxy—2,3,6—trichlorobenzoic acid and 2-methoxy—3,6—dichloro- 
benzoic acid, and the sodium salts of mixed isomers of 1,2,3— and 
1,2,4-trichlorobenzoic acid were further evaluated. 

The design in 1959 was a randomized block with three replications. 
The soil type and fertilizer were the same as in 1958. Corn hybrid 
Dixie—18 was planted 5, 10, and 20 days following the pre-planting 
soil-incorporated treatments. The corn was cultivated twice during 
the growing season. 


RESULTS AND DiIscUSsION 
The herbicides, their rates of application, and corn yields follow- 
ing the treatments in 1958 are presented in Table 1. The data in 
Table | show that of the treatments evaluated in 1958, only the 
alkanolamine salt of 2,4—D and the sodium salt of 2,3,6-TBA were 
effective in controlling witchweed as measured by corn yield. The 
other herbicides included in this study and listed in Table | in most 


Table 1. Yields of corn following pre-planting, soil-incorporated applications 
of herbicides for witchweed control, 1958. 


Rate 


per acre 


Herbicide 
2,4-D, alkanolamine salt 
2,3,6-TBA, sodium salt 


Simazine 


Monuron 


Diuron 


Check 


*Average of 4 replications except check, which is the average of 12 replications. 
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instances gave excellent control of ordinary weeds, but were not 
effective in controlling witchweed. The pest emerged and grew vig- 
orously in all other treatments, and caused serious damage to corn, 
as indicated by the yields harvested. 

The 1959 results, including the effect of the herbicides on corn 
stand and yields, are presented in Table 2. There were no significant 
differences in yields of corn due to time of planting after treatment 
in 1959, so the data for the plantings made 5, 10, and 20 days after 
the herbicide applications have been averaged in Table 2. 


Table 2. Yields of corn following pre-planting, soil-incorporated applications 
of herbicides for witchweed control, 1959. 


Rate Stand 
Herbicide per acre reduction 
) pet 


Fenac, sodium salt 10 
50 
65 


2,3,6-TBA, sodium salt 0 
10 


»5 


2,4—-D, alkanolamine salt 0 
0 
0 


2,4—-dichlorophenoxy acetamide 


2—methoxy-—3,5,6-trichlorobenzoic acid, 
monocthanolamine salt 


2-methoxy-—3,6-dichlorobenzoic acid, 


monocthanolamine salt 


Amiben, triethylamine salt 
1,2,3- and 1,2,4-trichlorobenzoic acid 


Check 


*Average of 3 replications except check, which is average of 25 replications 


The alkanolamine salt of 2,4-D, the sodium salt of 2,3,6-TBA, 
monoethanolamine salt of 2-methoxy-3,6-dichlorobenzoic acid, and 
2-methoxy—3,5,6—trichlorobenzoic acid were highly effective as pre- 
planting soil-incorporated treatments for the control of witchweed 
with little or no effect on corn stands. 

The most promising herbicide in 1959 was the sodium salt of 
fenac. This herbicide at 4 pounds per acre resulted in the highest 
corn yield with little or no effect on corn stands. At 8 and 12 pounds 
per acre, fenac gave excellent control of witchweed but caused 
significant reductions in corn stands. 

In order to determine the residual activity of the herbicides, the 
plots treated in 1959 were planted to corn, peanuts, soybeans, cotton, 
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and tobacco in 1960. The residual effects of fenac and 2,3,6-TBA 
applied in 1959 on several crops grown in 1960 are shown in Table 3. 
All crops, except corn, listed in Table 3 showed residual effects of 
the herbicides. In fenac treated plots the damage to soybeans and 
tobacco was severe. The sodium salts of TBA were also very injuri- 
ous to tobacco. Further investigations are critically needed to under- 
stand more clearly the behavior and persistence of these compounds 
in soils. 

Mixing the herbicide into the soil prior to planting a crop appears 
to offer several advantages for the control of witchweed as well as 
ordinary weed populations in corn and other crops. In the southern 
United States where widely different crops such as tobacco, cotton, 
peanuts, and vegetables, are produced, it is less hazardous to apply 
the herbicides as pre-planting soil-incorporated treatments before 
most of these crops are planted. The time of oe for such 
treatment; does not appear to be as critical as for pre- and post- 
emergence, treatments. The greater consistency in weed control 
obtained with certain herbicides applied pre-planting is outstanding. 


Table 3. The residual effects of pre-planting, soil-incorporated herbicides applied 
in 1959 for witchweed control in corn on the growth of several crops in 1960. 


Herbicid-, applied Rate | Crop injury in July 1960+ 
in April 1959 | aed 


acre Peanuts Cotton Soybeans Tobacco 
1 x 
3 9 
7 10 


Fenac, sodium salt 


2,3,6-TBA, sodium salt 
1 


*Crop injury rating = 0, no effect; 1, 2, 3-—slight injury; 4, 5, 6—moderate injury; 7 
9—severe injury; 10—all plants killed 


SUMMARY 

The investigations with pre-planting soil-incorporated herbicides 
may be summarized as follows: 

1. The alkanolamine salt of 2,4-D and 2,4—dichlorophenoxy- 
acetamide at 8 to 12 pounds per acre were effective in controlling 
witchweed without significant reductions in stand of corn. 

2. The substituted benzoic acids, especially the sodium salt of 
2,3,6-TBA, monoethanolamine salt of 2-methoxy—3,6—dichloroben- 
zoic acid, and 2-methoxy-3,5,6—trichlorobenzoic acid, gave excellent 
control of witchweed without significant reduction in stands or 
injury to the crop. 

3. The most promising herbicide was the sodium salt of fenac. 
This herbicide, at four pounds per acre, was highly effective in con- 
trolling witchweed without serious injury to the corn. At eight 
,ounds per acre or more, fenac gave excellent control of witchweed 

ut caused serious reductions in corn stands. These studies suggest 
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evaluating fenac at lower rates, using more effective incorporation, 
and timing techniques. 

4. Preliminary investigations of the residual activity of the 1959 
treatments on corn, peanuts, soybeans, cotton, and tobacco in 1959 
indicated that some of the herbicides, especially fenac, remained in 
the soil at least 12 months in quantities sufficient to damage tobacco 
and soybeans. Further investigations are needed on the residual 
activity of these treatments on subsequent crops in the rotation. 
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Effect of Herbicides on Salmonberry and on Sitka Spruce 
and Western Hemlock Seedlings’ 


James T. Krycier and Rosert H. RutH? 


= coastal Oregon, mild climate, highly productive soil, and annual 
precipitation of as much as 130 inches combine to produce an 
exceptionally high rate of forest growth. When these forest stands 
are harvested, however, brush establishes rapidly in the openings, 
competes strongly with conifer reproduction, and eventually causes 
a reduction in timber yields. Such losses are serious in a region which 
depends largely on the timber resource. 

Salmonberry (Rubus spectabilis) is responsible for a large part of 
the coastal brush problem. It is hard to kill, and research has neces- 
sarily been extensive on both foliage and basal treatments. This 
paper describes herbicide screening trials on salmonberry and seed- 
lings of western hemlock (Tsuga heterophylla) and Sitka spruce 
(Picea sitchensis), the objective being to control salmonberry with 
minimum damage to the tree seedlings. Supplemental data were 
taken on herbicide effectiveness as influenced by weather and season 
of application. 

Salmonberry is distributed from Alaska to northern California 
and inland to northern Idaho and western Montana. It attains maxi- 
mum size in stream bottoms in the coastal forest, where it is associ- 
ated with Sitka spruce, western hemlock, red alder (Alnus rubra), 
and Douglas fir (Pseudotsuga menziesii). Associated brush species 
that also compete with conifer seedlings are western thimbleberry 
(Rubus parviflorus), salal (Gaultheria shallon), and vine maple (Acer 
circinatum ). 

The ecology of salmonberry has not been thoroughly investigated, 
but some characteristics have been observed. The species propagates 
from suckers and from seed and is intermediate in shade tolerance. 
It often predominates on cutover or burned-over areas or in under- 
stocked areas of coastal forests. Soil disturbance and increased sun- 
light apparently stimulate germination of seed stored in the duff. 
Dense stands of seedling salmonberry will often occur on cutover 
land, even though the species was not prevalent under the forest 
canopy. When salmonberry is present in the understory, the tops, 
roots, and rhizomes are cut and broken during logging. Vigorous 
resprouting follows and competition is frequently more than natural 
or planted conifer seedlings can cope with (Figure 1). Broadcast 
burning of logging slash retards brush for about one season, but 


*Received for publication October 11, 1960. The study was carried out at the 
Cascade Head Experimental Forest by the Pacific Northwest Forest and Range 
Expt. Sta., Forest Serv., U. S. Dept. of Agr., in cooperation with the School of 
Forestry, Oregon State College. Financial assistance was provided by a grant-in 
aid from the Dow Chemical Co. Herbicides were furnished by Amchem Products, 
Inc., American Cyanamid Co., California Spray Chemical Corp., Dow Chemical 
Co., and Heyden Chemical Co. 

“Assistant Professor of Forest Management, Oregon State College and Research 
Forester, Pacific Northwest Forest and Range Expt. Sta., respectively 
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Figure 1. Salmonberry brush on this clear-cut area is 2 to 6 feet tall, typical of 
that sprayed in the chemical screening trials. The wood stake indicates a 
planted Sitka spruce seedling overtopped by brush 


subsequent sprouting is dense, and vigorous competition continues 
as an obstacle to the attainment of full stocking of conifer seedlings.* 


EXPLORATORY STUDIES 


In 1952 and 1953, 58 plots of 400 square feet each were established 
in typical salmonberry brush areas on four logging clearcuts. Herbi- 
cides were applied to the foliage in late spring and early summer, 
and the results were observed for the next two growing seasons. 

Best results were obtained with propylene glycol butyl ether 
(PGBE) and butoxy ethanol esters of 2,4,5—-trichlorophenoxyaceti« 
acid (2,4,5-T) and mixtures of 2,4,5-T with 2-—methyl—4—chloro- 
phenoxyacetic acid (MCPA) and with 2,4—dichlorophenoxyacetic 
acid (2,4-D). Concentrations ranged from 1.75 to 18.8 lb/A in a 
water carrier. As high as 50 percent of salmonberry plants were 
killed on plots receiving high concentrations, but sprouting was 
general. Foliage applications of ammonium sulfamate (AMS) at 140 
Ib/A resulted in dense resprouting and little control. PGBE esters 
of 2,4—-D + 2,4,5-T mixed with trichloroacetic acid (TCA) (1:1:2.4) 
in water at 3.75 + 3.75 + 9 lb/A resulted in poor control of salmon- 
berry but good control of understory grass. Helicopter application 
of 2,4-D + 2,4,5-T in oil and in water; 2,4,5-T amines and esters 
with MCPA in water; and mixtures of 2,4-D + 2,4,5-T with TCA 

*Ruth, Robert H. Plantation survival and growth in two brush-threat areas in 


coastal Oregon. Pacific Northwest Forest and Range Expt. Sta. Res. Paper 17. 
1956. 
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in water—all at 3 to 12 Ib/A resulted in partial defoliation and only 
moderate control of salmonberry. 

Results of these exploratory studies indicated that general observa- 
tions from plots were not precise enough for meaningful evaluation 
of results. More accurate observational and statistical controls were 
needed. 


METHOps 


From mid-June to mid-July in 1954 and 1955, herbicides were 
applied to individually tagged plants on plots established in a uni- 
form stand of salmonberry brush 2 to 4 feet tall. Unlike many Rubus 
species, aerial portions of individual salmonberry plants are rela- 
tively well differentiated and not difficult to identify. However, there 
may have been rhizomatic connections between some plants. The 
plants had from 5 to about 25 stems per plant. There were 10 plants 
per plot, and three plots were established for each treatment. Spacing 
between plots was sufficient to prevent contamination from spray 
applications on nearby plots. Plot treatments were selected at ran- 
dom, and foliage was sprayed to the point of runoff with a fine, 
fan-shaped spray. Good coverage of the foliage required a spray 
volume of about 100 gal/A. 

Screening trials in 1954 involved three herbicides: 2,4,5-T; 2- 
(2,4,5-trichlorophenoxy)propionic acid (silvex); and 2,4-D + 2,4,5- 
T. Concentration was 3 lb aehg in water. 

Screening trials in 1955 involved six herbicides: 2,4-D; 2,4,5-T; 
2-(2,4-dichlorophenoxy)propionic acid (2—(2,4—-DP)); silvex; 2,3,6- 
trichlorobenzoic acid (2,3,6—TBA); and 3—amino-1,2,4—-triazole (ami- 
trole). Various formulations, concentrations, and combinations of 
these herbicides expanded the number of treatments to 36. The car- 
rier was water plus 5% kerosene, except that no kerosene was used 
in amitrole and 2,3,6-TBA treatments. 

In 1955, supplementary plots were established to explore the effects 
on salmonberry of June and September seasonal treatments and a 
technique of application during wet and dry weather. In the seasonal 
treatments, three formulations of 2,4,5-T were applied in June and 
to adjacent plots in September at 2- and 4-lb aehg concentrations 
each. In the study of technique of application, wet-weather treat- 
ments were those in which stems and lower as well as upper surfaces 
of leaves were sprayed with 2,4,5-T and with amitrole + 2,4-D + 
2,4,5-T (1:1:1). Foliage was wet from rain or blowing coastal fog. 
These herbicides were also sprayed during dry weather on upper 
surfaces as was done in the major screening trials. 

The treatments used in the 1954 and 1955 screening trials were 
applied the same years in a similar experimental design to assess 
tolerance of 3- to 5-year-old Sitka spruce and western hemlock 
seedlings. 

Records made at the end of the first and second growing seasons 
for all treatments included height of parent salmonberry plants; 
number, height, and density of sprouts; and height of spruce and 
hemlock seedlings. Percent defoliation of salmonberry plants was 
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recorded for the first season after the 1954 treatments and for two 
seasons after the 1955 treatments. Analysis of variance was based on 
percent defoliation the second growing season for 1955 salmonberry 
trials. This provided a measure of total crown reduction, which 
included dead stems and recovery through refoliation and sprouting. 
Analysis of results on conifers was based on 2-year net change in 
height with dead seedlings rated as zero height. 


RESULTS ON SALMONBERRY 


Effects of herbicide, formulation, and concentration. In the 1954 
screening trials, esters produced greatest first-year defoliation—94 
to 100 percent on treated plants (Table 1). 


Table 1. First-season defoliation and second-season sprouting of salmonberry 
treated in mid-July 1954, 3 Ib aehg. 


Second-season sprouting 
Per cent 
Herbicide and formulation first-season Per cent plants Per cent sprout 
defoliation with sprouts height of parent 
plant height 


2,4,5-T 
Amine 


PGBE esters 


Silvex 
Amine 
PGBE esters 


2,4-D + 2,4,5-T PGBE esters 


Several of the 1955 herbicide-formulation combinations resulted 
in almost complete residual defoliation 2 years after application 
(Table 2). These treatments, based on percent defoliation at the 
end of the second growing season, varied in effectiveness from almost 
100 to about 10 percent defoliation. Analysis of variance showed 
that variation among treatment means was significant at the one 
percent level. Silvex ranked highest in defoliation with 2,4,5-T a 
close second. Amitrole was very effective but somewhat slower acting 
as indicated by less first-season defoliation. Mixtures of 2,4-D and 
2,4,5-T produced a wide range of results but they generally pro- 
vided unsatisfactory salmonberry control. When added to amitrole, 
2,4-D + %,4,5-T improved its first-year defoliation. A mixture of 
2-(2,4—-DP) + silvex ranked with herbicides producing the best 
results. Poorest and completely unsatisfactory results occurred with 
2,4-D, 2-(2,4-DP), and 2,3,6-TBA. 

Taken as a group the 4 Ib aehg concentrations were significantly 
better than the 2 lb at the 5 percent level. There were several excep- 
tions to this with amitrole and the PGBE esters of silvex both doing 
an effective job at 2 lb aehg. The treatment x concentration inter- 
action, however, was not significant. 

Effects of season, weather, and technique. June treatments with 
2,4,5-T esters produced significantly better second-season defoliation 
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Table 2. Defoliation and resprouting following foliage treatments on salmonberry 
in June 1955. 


Per cent Per cent plants 
defoliation totally defoliated 
and without sprouts 
Formulation First Second second season*® 
scason season 


Treatment 


Herbicide and concentration, 
Ib achg 


Silvex, 2 Butoxy ethanol ester 85 66 
Silvex, do 100 94 
Silvex, PGBE ester 99 98 
Silvex, do 99 99 


Butoxy ethanol ester! 92 
94 

ester 90 

100 


Solubilized acid 47 
ao 
Solubilized polyglycol ester 


do 


Butoxy ethanol ester 
do 

Butoxy ethanol ester' 
do 

Solubilized acid 


do 


NNNNNN 


Amitrole, 2 
A mitrole, 
Amitrole, : 
2,4,5-T, PGBE ester 
Amitrole, 
2,4,5-T do 


Butoxy ethanol ester 
do 

PGBE ester 
do 


> 
> 
> 
> 


Solubilized polyglycol ester 
do 

Sodium salt 
do 


NNNN 


*Plants not considered killed because many sprouted the third season 
bAverage of 2 or 3 treatments with butoxy ethanol formulations containing slightly different 


components 


than September treatments (Table 3). Again it was found that 4 Ib 
concentrations were significantly better for salmonberry control than 
2 Ib concentrations. There was no significant difference between the 
different ester formulations. The formulation x season interaction 
was significant. 


Table 3. Second season defoliation of salmonberry treated with three formulations 
of 2,4,5-T in June and September 1955. 


Per cent second-season 
defoliation 


Ester formulation and concentration, |b achg -— 
June September 


treatment treatment 


PGBE, 2 82 42 
PGBE, 4 97 69 
Butoxy ethanol, 2 72 85 
Butoxy ethanol, 4 93 

Solubilized polyglycol, 2 68 

Solubilized polyglycol, 4 81 

Average 82.2 
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RESULTS ON SPRUCE AND HEMLOCK 


Effects of herbicide and formulation. In the 1954 tests on spruce 
seedlings no mortality occurred, and differences in height growth 
between herbicide treatments (at 3 lb aehg) were not significant. In 
the 1954 tests on hemlock, mortality varied from 0 to 20 percent and 
differences in height growth between treatments were highly sig- 
nificant. The PGBE esters of silvex and 2,4,5—-T caused less reduc- 
tion in growth and less mortality than the amines (Table 4). 


Table 4. Defoliation, mortality, and height growth of Sitka spruce and western 
hemlock seedlings, ae mid-July 1954, 3 lb aehg. 


Spruce Hemlock 


Herbicide and Per cent Per cent Av. 2-year Per cent Per cent Av. 2-year 
formulation first- second- | net change first- second- net change 
season season in height, season season in height, 

defoliation | mortality in.* defoliation | mortality in,* 


2,4,5-T 
Amine 


PGBE esters 


Silvex 
Amine 


PGBE esters 
2,4-D + 2,4,5 
PGBE esters 5 0 5 


Check 0 10. 


*Net change in height was difference between the sum of original heights on 30 trees before spray- 
ing and the sum of their heights at the end of the second season after spraying. Dead seedlings were 
rated zero height 


In the 1955 tests spruce again displayed better resistance to the 
herbicides than hemlock, although some treatments caused severe 
reductions in growth and high mortality (Table 5). Hemlock proved 
significantly less resistant to the herbicides than spruce. For each 
species, net changes in height due to treatments were significant 
at the 1% level. For both species combined, 4 lb aehg con- 
centrations did significantly more damage to the seedlings than 2 Ib 
concentrations. 

Effect of weather. Weather at time of treatment had little effect 
on subsequent height growth or mortality of seedlings. Spruce sus- 
tained less damage than hemlock for both the PGBE esters of 2,4,5-T 
and the mixture of amitrole, 2,4-D, and 2,4,5-T during both wet 
and dry weather. 


SUMMARY 


Screening trials on salmonberry on the Oregon coast indicated 
that several herbicide formulations applied as foliage sprays show 
promise for control of this species. Propylene glycol butyl ether 
(PGBE) esters of silvex and 2,4,5-T gave the best results followed 
closely by butoxy ethanol formulations of these same herbicides and 
by solubilized acid and solubilized polyglycol esters of 2,4,5-T. 
Amitrole also ranked with the most effective herbicides. It provided 
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less defoliation the first year but this was improved by addition of 
2,4—-D + 2,4,5—-T. Best selectivity was obtained with the PGBE esters 
of 2,4,5-T which were effective on salmonberry and did not seriously 
damage intermingled Sitka spruce and western hemlock seedlings. 
Amine formulations were ineffective on salmonberry and destructive 
to hemlock seedlings. Unsatisfactory results occurred from appli- 
cations of 2,4-D, 2-(2,4-DP), and 2,3,6-TBA. Few salmonberry 
plants were killed by even the best treatments, but control was ade- 
quate to greatly improve establishment of tree seedlings. 


Table 5. Two-year height growth and mortality of spruce and hemlock seedlings, 
sprayed June 1955. 


Per cent 
mortality 


Av. 2-year net 
- change in height 

Herbicide and concentration, | in® 
Ib achg Formulation | 


Treatment 


| Spruce | Hemlock! Spruce Hemlock 


Silvex, Butoxy ethanol ester 6 8 


Silvex, 
Silvex, 
Silvex, 


do 
PGBE ester 


do 


—18 26 
2 0 
4 35 


Butoxy ethanol ester® 12 
do ; 46 
PGBE ester 0 
do 0 


NNNN 
pane 
Vuwvww 
SS 
anran 


Solubilized acid 0 
| do 30 
Solubilized polyglycol ester 0 


do 3 17 


S454 


*nNet 


2,4 
2,4, 
2.4, 
2\4. 


Butoxy ethanol ester 16 
do 61 
Butoxy ethanol ester® 3 33 
do 38 
Solubilized acid 3 
4 


NNNNNN 
eS 
++47+4+ 
NNMMNpw 


do 


Amitrole, 
Amitrole, 
Amitrole ’ 
2,4,5-T, PGBE ester 


do 


DP) + silvex, Butoxy ethanol ester | 58 
+ silvex, ' do - - | #9 
> PGBE ester 0 
,4 do 0 


NNNN 


Solubilized polyglycol ester 0 

do é 2 53 
Sodium salt —1 

do —10 - 59 

10 0 


OAmwNNN 





*Net change in height was difference between the sum of original heights on 30 trees before spray- 
ing and the sum of their heights at the end of the second season after spraying. Dead seedlings were 


rated as zero height. 
bAverage of 2 or 3 treatments with butoxy ethanol formulations containing slightly different 


components. 





Control of Field Bindweed and Other Perennial Weeds 
with Benzoic and Phenylacetic Acids’ 


A. F. Wiese and H. E. Rea? 


HE growth promoting activity of substituted benzoic acids and 

2,4—-dichlorophenoxyacetic acid (2,4—D) was reported in 1942 by 
Zimmerman and Hitchcock (17). Interest in benzoic acids as herbi- 
cides was revived in 1950 when Bentley (1) reported outstanding 
growth regulation with 2,3,6-trichlorobenzoic acid. Shortly there- 
after several workers confirmed these results (4, 5, 18). Chlorinated 
benzoic acids have proven to be effective for eradication of field 
bindweed (6, 8, 11, 12), and many other perennial weeds.* At the 
present time these herbicides are labeled and sold for the eradication 
of field bindweed, leafy spurge, bur ragweed, Canada thistle, and 
Russian knapweed. 

The period of soil residual effects from chlorinated benzoic acid 
appears to be related to the amount of rainfall or irrigation after the 
application of the herbicide (7, 13). Under dryland conditions the 
herbicides have been known to persist for 2 years in amounts toxic 
to wheat and sorghum but under irrigated conditions a normal crop 
of wheat was produced 6 months after application. 

In 1935 phenylacetic acid, one of the first growth promoting chem- 
icals discovered, was reported to induce responses in plants when it 
was applied either to leaves or soil in which plants were growing 
(2, 15). The potassium salt of phenylacetic acid was observed to be a 
growth regulator in 1937 (16). Later, workers showed that alpha- 
methoxyphenylacetic acid applied to plant leaves would move down 
the plant and into the soil or water surrounding the root system 
(3, 9). In 1958 Pybus, Wain, and Wightman (10) reported that 2,3,6- 
trichlorophenylacetic acid and 2,6-dichlorophenylacetic acid exhib- 
ited as much growth promoting activity as either 2,3,6—trichloro- 
benzoic acid or 2,4—dichlorophenoxyacetic acid. The experimental 
use of 2,3,6-trichlorophenylacetic acid for eradication of perennial 
weeds was reported in 1958 (14). 

The purpose of this paper is to summarize several years research 
in which substituted benzoic and phenylacetic acids were compared 
with other soil sterilants for the eradication of several perennial 
weeds. 


METHODS AND MATERIALS 


Applications of various formulations of 2,3,6—trichloropheny|l- 
acetic acid (fenac), 2,3,6—trichlorobenzoic acid (2,3,6-TBA), and 


"Received for publication Oct. 11, 1960. Work was conducted cooperatively 
between Texas Agr. Exp. Sta. and the Western Soil and Water Management 
Research Branch, SWCRD, ARS, USDA. Approved as TAES T.A. 3629. 

*Respectively: Agronomist, Texas Agr. Exp. Sta., Southwestern Great Plains 
Field Station, Bushland, Texas; and Associate Professor, Dept. of Agronomy, 
Texas A & M College, College Station, Texas. 

*N. Central Weed Control Conf. and Western Weed Control Conf., Res 
Reports for 1955, 1956, 1957, and 1958. 
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several polychlorobenzoic acid materials were made to field bind- 
weed (Convolvulus arvensis), woolyleaf franseria (bur ragweed) 
(Franseria tomentosa), hogpotato (Indian rushpea) (Hof/manseggia 
densiflora), alkali sida (Sida hederacea), Texas blueweed (Helianthus 
ciliaris), and silverleaf nightshade (Solanum eleagnifolium) during 
1957, 1958, and 1959. 

The 2,3,6-TBA used contained 60% 2,3,6-TBA and 40% other 
isomers of trichlorobenzoic acid. Polychlorobenzoic acid materials 
used will be designated as PBA(80%), PBA(30%), and PBA(2%). 
PBA(80%) contained 81% trichlorobenzoic acids, 12% tetrachloro- 
benzoic acids, 5% pentachlorobenzoic acid and 2% dichlorobenzoic 
acids; PBA(30%) contained 30% trichlorobenzoic acids, 54% tetra- 
chlorobenzoic acids, 11% dichlorobenzoic acids, and 5% pentachlo- 
robenzoic acid; PBA(2%) contained 2% trichlorobenzoic acids, 
74% tetrachlorobenzoic acids and 24% pentachlorobenzoic acid. 
PBA(80%), PBA(30%) and PBA(2%) contained approximately 
19%, 8%, and less than 2%, respectively, of 2,3,6—-trichlorobenzoic 
acid. Rates of application for the benzoic acid herbicides are ex- 
pressed in terms of total acid content. Formulations of fenac tested 
were an amide, an amine salt, sodium salt, butylcellosolve ester and 
the acid formulated as emulsifiable oil. 2,3,6-TBA was formulated 
as a dimethylamine salt and as the acid prepared as 25% granules. 
PBA(30%) was formulated as a dimethylamine salt and a butylcel- 
losolve ester. PBA(80%) and PBA(2%) were formulated as dimethyl- 
amine salts. The above chlorinated benzoic and phenylacetic acid 
herbicides were compared to sodium chlorate, anhydrous borax 
(61.5% B.O;), 3-(p-chlorophenyl)—1,l—dimethylurea (monuron), 
and 3—phenyl-—1,1—dimethylurea (fenuron). 

The experimental designs of the studies conducted were either 
randomized blocks or split plots of | or 2 square rods with 1, 2, or 3 
replications. Weed control was evaluated by comparing the number 
of plants in one square meter area in the center of each plot from 
treated and untreated areas. Data reported in this paper were ob- 
tained 12 to 18 months after application of the herbicides. The 
experiments were conducted at various locations in the Panhandle 
of Texas under both dryland and irrigated conditions. All experi- 
ments were on Pullman silty clay loam soil, and the average rainfall 
in the area is 21 inches. Rainfall for 1957, 1958, 1959, and 1960 was 
21, 23, 23, and 37 inches, respectively. 


RESULTS AND DISCUSSION 


Much of the data presented will summarize more than one experi- 
ment. The year or years of application and the total number of 
replications will be shown in each table. 


Field bindweed. 

There was very little difference in the toxicity of TBA and fenac 
to field bindweed when applied at 10 and 20 pounds per acre (Table 
1). However, at 5 pounds per acre, fenac was much more toxic than 
TBA. The data also showed that 2,3,6-TBA was approximately twice 
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as toxic as PBA(30%). Ten and 20 pounds of 2,3,6-TBA gave 88% 
and 94% control while 20 and 40 pounds of PBA(30%) gave 87% 
and 92% control. 2,3,6-TBA was only slightly more effective than 
PBA(80%). Fenac and TBA applied at 20 and PBA(30%) applied at 
40 pounds per acre were equal to, or slightly more effective than, 
sodium chlorate applied at 800 pounds per acre. 


Table 1. Percent bindweed control obtained from fenac and various chlorinated 
benzoic acid herbicides, 1957, 1958. 


Hert Rate Ib/A Number of 
ero ide | = e 7 - . - - replications 

10 20 

Fenac 88 97 

TBA... R4 

TBA 88 

PBA(30%) | 

Sodium chlorate at 800 lb 

TBA 

PBA(80%) 

Sodium chlorate at 800 Ib// 


The toxicity of the various chloro-substituted benzoic acids to 
bindweed appeared to be somewhat related to the amount of tri- 
chlorobenzoic acid in the particular material (Table 2). The average 
control obtained from 5, 10, and 20 pounds per acre of 2,3,6-TBA, 
PBA(80%), PBA(30%), and PBA(2%) formulated as amine salts was 
76%, 73%, 67% and 59%, respectively. However, in view of the 
fact that PBA(2%) was effective in killing bindweed, toxicity cannot 
be entirely attributed to the trichlorobenzoic acid content of the 
herbicides. 


Table 2. Average percent bindweed control from herbicides containing various 
amounts of trichlorobenzoic acid. Six replications, 1958. 


Rate Ib/A 
Herbi ide 


2,3,6-TBA, dimethylamine salts 
PBA(80%) dimemethylamine salts 
PBA(30%) dimethylamine salts 
PBA(2%) dimethylamine salts 
PBA(30°%), butylcellosolve ester 
Sodium chlorate, 800 Ib/A 


In previously published studies (14), the amide formulation of 
fenac was not as toxic to bindweed as an amine formulation. Addi- 
tional studies indicate that the toxicity of fenac to bindweed is not 
greatly affected when it is formulated as an amine salt, a sodium salt, 
an acid in an emulsifiable oil or as a butylcellosolve ester (Table 3). 
2,3,6-TBA formulated as a dimethylamine salt or as an acid im- 
pregnated on granules were similar in toxicity. The formulating of 
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PBA(30%) as a dimethylamine salt or as a butylcellosolve ester did 
not affect the toxicity of this herbicide (Table 2) 

The toxicity symptoms of chlorinated benzoic and phenylacetic 
acids on bindweed regrowth are very similar. Injured plants are 
stunted and have light colored, deformed leaves. When liquid formu- 
lations of 2,3,6-TBA are applied to bindweed, death of the top 
growth usually occurs in about | week unless rain falls shortly after 
application. Top growth kill is then delayed until the roots are killed 
by the herbicide. PBA(30%) usually does not give such rapid top 
kill. Fenac has very little toxicity to the top growth of field bind- 
weed; consequently, death of the foliage usually does not take place 
until enough rainfall occurs to leach the material into the plant 
root zone. 


Table 3. Percent bindweed control after treatment with various formulations 
of fenac and TBA. Two replications, 1958. 


Rate Ib/A 
Herbicide . 


Fenac, sodium salt 

Fenac, amine salt 

Fenac, butylcellosolve ester 
Fenac, acid, inemulsifiable oil 
2,3,6-TBA, dimethylamine salt 
2,3,6-TBA, acid on granules 


Fenac appears to have a longer period of soil sterility than the 


substituted benzoic acids. Applications of fenac made in 1957 on dry- 
land have prevented all growth of annual weeds through 1960. 
Applications of substituted benzoic acids made at the same time 
allowed some growth of summer annual grasses in 1959 and 1960. 
When the herbicides were applied in April, 1959, the soil pre- 
irrigated in May, planted to grain sorghum in June, and irrigated 
in the summer, yields in the fall of 1959 were 5500, 0, 2330, and 5440 
pounds per acre, respectively, from untreated plots, and treatments 
of 20 pounds of fenac, 20 pounds of 2,3,6-TBA, and 40 pounds of 
PBA(30%) per acre. One year later, in 1960, yields of sorghum grain 
from the same plots were 4350, 3540, 5000, and 5240 pounds per acre, 
respectively. 

Other perennial weeds. 

Studies conducted during 1957, 1958, and 1959 indicate that fenac, 
2,3,6-TBA, or PBA(30%) at 20, 20, and 40 pounds per acre, respec- 
tively, were generally as effective or more effective on woolyleaf 
franseria, hogpotato, alkali sida, and Texas blueweed than sodium 
chlorate, anhydrous borax, monuron, or fenuron at 800, 2560, 60, 
and 60 pounds per acre, respectively (Table 4). Fenac at 20 pounds 
per acre gave a minimum of 95 percent control for these weeds. 
2,3,6-TBA at 20 pounds per acre gave a minimum of 91 percent 
control for all weeds except alkali sida, and PBA(30%) at 40 pounds 
per acre gave less than 90 percent control of alkali sida and Texas 
bluweed. Silverleaf nightshade was very difficult to eradicate and all 
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Table 4. Percent control of various perennial weeds obtained from applications 
of various rates of fenac, 2,3,6-TBA, PBA(30%), and other soil sterilizing 


herbicides. 


Herbicide Woolyleaf* Hog- Alkali* Texas? Silverieaf* 
franseria potato» sida blueweed | nightshade 


72 100 20 60 40 

83 100 80 90 50 

95 | 100 100 98 57 
100 


Fenac 


93 


PBA(30%) 


Sodium chlorate 


Anhydrous borax <4 


Monuron 71 


Fenuron 79 ) 100 


*Two studies conducted in 1958; one dryland in the fall and the other irrigated in the spring 


making a total of 4 replications 
>Studies conducted on dryland in falls of 1957 and 1958 with a total of 4 replications 


*Study conducted on dryland in fall of 1958 with 1 replication 
4Study conducted on dryland in fall of 1959 with 2 replications 
*Study conducted on dryland in the spring of 1958 with 2 replications 


rates of all herbicides tested except fenac at 40 and 80 pounds per 
acre gave less than 90 percent control. Fenuron at 60 pounds per 
acre gave 88 percent control. These results indicate that soil steriliza- 
tion for control of silverleaf nightshade is not feasible because of 
the poor results obtained with rates of herbicides usually required 
for eradication of perennial weeds. 


SUMMARY AND CONCLUSIONS 

These tests indicate that fenac, 2,3,6-TBA, and PBA(30%) at 20, 
20, and 40 pounds per acre, respectively, are either as effective or 
more effective for eradicating field bindweed, woolyleaf franseria, 
hogpotato, and alkali sida than 800 lb/A sodium chlorate, 2560 Ib/A 
anhydrous borax, 60 Ib/A monuron, and 60 Ib/A fenuron. Silverleaf 
nightshade was not successfully eradicated with any of the above 
rates of soil sterilants. Fenac is more toxic to bindweed than 2,3,6- 
TBA at low rates of application. At equal rates of application, 
chlorinated benzoic acid herbicides containing a high percentage of 
trichlorobenzoic acid were most toxic to bindweed. 2,3,6-TBA and 
PBA(30%) were equally effective when PBA(30%) was applied at 
twice the rate of 2,3,6-TBA. However, activity was not confined to 
the trichloro substitutions, as PBA(2%), which contains mostly tetra- 
chlorobenzoic acids, was also toxic to bindweed. Formulation did 
not greatly affect the toxicity of chlorinated benzoic acids. The 
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amide formulation of fenac was not as toxic to bindweed as other 
formulations. 
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Breaking Dormancy in Seeds of Cuscuta approximata' 
D. C. Tincey and Kerrn R. ALLRED? 


ODDER lowers the yield and quality of alfalfa seed, interferes with 
harvesting, and adds to the cost of cleaning and processing the 
seed for market. There are at least three species of dodder that are 
troublesome in alfalfa seed fields in Utah: Large seeded alfalfa dod- 
der (Cuscuta indecora Choisy var. neuropetala (Engelm.) Hitch.), 
Western field dodder (Cuscuta campestris Yuncker) and small- 
seeded alfalfa dodder (Cuscuta approximata Bab. var. urceolata 
(Kuntze) Yuncker)* (Figure 1). 


LITERATURE REVIEW 

Several investigators at the Utah Agricultural Experiment Station 
have worked on various phases of the dodder problem, but none 
reported data regarding germination of seeds of C. approximata 
(4, 5, 7, 8, 9). 

Dormancy in seeds of many species of dodder seems to be due to 
impermeable seed coats. This condition is readily corrected by acid 
treatment or by scarification (2). 

Gaertner (2) germinated seeds of different species of dodder 
obtained from herbarium specimens to determine how long they 
retained their viability. The only treatment given the seed was an 
immersion in sulfuric acid. Two small seeded species of dodder, 
Cuscuta epilinum (flax dodder) and Cuscuta epithymum (clover dod- 
der), failed to germinate following the acid treatment. This was 
attributed to the loss of viability of these old seeds. 

Gaertner (2) reported that Kinzel (3) obtained a moderate per- 
centage germination of seeds of C. epilinum with the acid treatment. 
However, he was not able to get seeds of C. europea to germinate 
following the acid treatment, and concluded that dormancy might 
be due to some factor other than an impervious seed coat. Gaertner 
also reported that Mirande (6) had no difficulty in germinating 
dodder seeds and that seeds of small seeded species (C. europea and 
C. epithymum) germinated after one week at temperatures of 10° C 
to 12° C (50° F to 53.6° F). 

Gaertner (2) stored seeds at room temperature and in a cold room 
at 1-3° C both dry and in moist sand and peat moss without any 
appreciable effect on the germination of seeds. She concluded as did 
Midgley (5) that alternate freezing and thawing did not improve the 
germination of seeds of Cuscuta spp. Gaertner used C. Gronovii and 
Midgley C. indecora. Dormancy in seeds of these species is due only 


*Received for publication October 15, 1960. Journal Paper No. 149 from the 
Utah Agr. Exp. Sta. 

*Professor and Assistant Professor, respectively, Dept. of Agronomy, Utah 
State Univ., Logan, Utah. 

‘This species was designated C. planiflora (1); however, from specimens sub- 
mitted to T. G. Yuncker, it was classified C. approximata (10). 
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Figure 1. Alfalfa infected with C. approximata in bloom. Note the characteristic 
tendency for this species of dodder to remain restricted to the lower part of 
the plant 


to an impervious seed coat and is readily corrected by the acid on 
scarification treatments. 


METHODS AND MATERIALS 


Dodder seeds used in the study were obtained from various alfalfa 
seed producing areas in the state. Bulk lots were obtained from 
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alfalfa seed cleaning plants in Millard County. Some small lots were 
collected from individual alfalfa plants within seed fields. Seeds were 
germinated either on moistened blotting paper in covered petri 
dishes, or on blotting paper on moistened sand. Except where differ- 
ent temperatures were used as treatments, the seed was germinated 
in a seed germinator at a temperature of 72° F. 

Number of days the seed was germinated varied with different 
experiments, but none was held for less than 10 days. Dodder seeds 
treated to break dormancy will germinate in a week or less under 
favorable conditions. 

Duplicate samples of 100 seeds each were run. Except where indi- 
cated, the seeds received an acid treatment, followed by washing in 
running water. 

The acid treatment consists of placing the seed in a glass beaker 
and adding about twice the volume of concentrated sulfuric acid and 
stirring thoroughly until the seed is well covered with the acid. The 
beaker is then placed in cold running water and the seed stirred 
frequently to prevent heating. 

The scarifier used was one made by Fred Forsberg and Sons, River 
Falls, Minnesota. The optimum time for scarification of large seeded 
dodder in this machine for a 50-gram sample is about 5 minutes. 

Seeds germinated at lower than room temperature were placed in 
refrigerators or refrigerated rooms. Seeds germinated at higher than 
room temperature were placed in constant temperature rooms and 
in the greenhouse. Except for the greenhouse, the temperatures 
would not vary more than about two degrees. There was no replica- 
tion of temperatures. There were, however, replications within tem- 
peratures. Water was added as needed to keep the seed moist during 
germination, except for treatments where the seed was kept dry. 


RESULTS AND DISCUSSION 


Sulfuric acid or scarification breaks seed dormancy in C. indecora, 
but not in C. approximata. Data from one of a number of experi- 
ments for the purpose of breaking seed dormancy in dodder appear 
in Table I. 

Both acid and scarification were effective in breaking seed dor- 
mancy of C. indecora,* but not of C. approximata. Either acid on 
scarification apparently destroys the impervious seed coat of C. 
approximata. The treated seeds absorbed water and germination 
appeared to proceed as the tips of the thread-like embryo became 
visible and then growth ceased. 

A small percentage of the seeds of C. indecora germinated without 
any treatment. 

Scarification was not as effective as the acid treatment, probably 
because it had not been thorough enough. Optimum scarification is 
about as effective as the acid treatment in breaking seed dormancy 
in C. indecora and other species. Optimum time to operate the 


‘Dormancy in several other species of dodder found in Utah, including (¢ 
campestris, is readily broken by the acid or scarification treatment 
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Table 1. Germination of dodder seed in 16 days following various 
treatments, 1956. 


Percent germination 


Treatment C. indecora | CC. approximata 
1955 1956 1956 
seed | seed 


12 0 
21 


Control 

Scarified 

H2SO, 30 min 58 
60 min 84 
90 min 77 
150 min 


scarifier varies with seed lot, and even more with the amount of 
seed used in the machine. 

Effect of temperature on germination of seeds of C. approximata. 
Acid treated seeds of C. approximata were piaced to germinate at 
various temperatures ranging from 32° F to 98° F for a 40-day 
period. 

Seeds of C. approximata gave low germination at all tempera- 
tures (Table 2). In two cases, 13 and 17 per cent of the seeds sprouted. 
These appeared to be chance variations more than any real treat- 
ment effect. 

Seeds germinated in petri dishes at temperatures of 32° F, 37° F, 
and 45° F as listed in Table 2 were moved, after one month, to a 


germinator at room temperatures for another month. 


Table 2. Germination ef acid-treated seed of C. approximata in 40 days 
at various temperatures, 1957." 


Percent germination 


Temperature 1956 seed 1957 seed 
degrees F . 

Petri Blotting paper Petri Blotting paper 

dish on wet sand dish on wet sand 


0 0 0 0 
0 0 0 0 
0 0 13 0 
0 0 7 2 
0 0 0 6 
1 7 4 
0 0 0 
2 3 3 
0 0 0 
0 0 0 


*Seed in petri dishes at 32°, 37°, 45°F placed in germinator after one month 
(Table 3) 


About a third of the 1957 seed, that had been wet chilled for a 
month, germinated after being placed at room temperature (Table 
3). The reason for the difference in germination in the two lots of 
seeds is not known. 

Additional experiments were conducted to further explore the 
effect of wet chilling on breaking dormancy in seeds of C. approxi- 
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mata. These involved a determination of the effect of wet versus 
dry chilling, and the interrelationship of the length of time the seed 
was treated with acid, the temperature during chilling, and the 
length of the chill period. 

However, in the meantime it was thought that if wet chilling was 
responsible for breaking seed dormancy in C. approximata, it would 
be of interest to try germinating different seed lots of this species 
freshly collected from the field. 

Table 3. Germination of acid-treated C. approximata seeds in 30 days at 72 
following 30 days of wet chilling at various temperatures, 1957. 
Temperature the first month Percent germination 
degrees F. - 
1956 seed 1957 seed 
1 27 
6 38 


5 31 


Two lots of seed were collected in the field on March 27, 1958, and 
tested for germination. One lot of seed was taken from C. approxi- 
mata capsules still attached to the plants. The capsules were off the 
ground, and while they were slightly damp when collected, they 
were not wet. Apparently these capsules had been moistened and 
dried several times during the winter when it rained or snowed; 
however, the seeds within the capsules were protected from the 
storms. A second lot of seed was collected that had been produced 
by the same dodder plants but the capsules were mostly broken and 
the seed had fallen to the ground during the winter. These seeds 
were wet from rains and melting snow. Seed collected from dry 
capsules averaged 6 per cent germination, and those collected from 
the wet ground averaged 48 per cent germination. Practically all the 
seed that germinated did so in 4 or 5 days, and the seedlings were 
normal. 


Table 4. Germination on blotting paper in petri dishes of C. approximata seed 
in 16 days at 72° F. following various treatments, 1957. 


Percent germination 


Treatment Treatment Seed dry during chilling Seed wet during chilling 
before chilling after chilling - 


Days chilled Days chilled 
14 


None None 0 
None Scarified 0 
None H2SO, 1 he 7 
Scarihed None 
H2SO, 5 min None 
15 min None 
30 min None 
60 min None 
120 min None 


*Abnormal sprouts. 
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Acid, dry versus wet chilling and days chilled. Data were obtained 
from a number of experiments on the effect of the duration of the 
acid treatment and days chilled on percentage germination of seeds 
of C. approximata. In one experiment some treatments were added 
to determine if dry chilling of the seed had any effect on dormancy. 
Data from this experiment appear in Table 4. Low germination was 
obtained except where the seed had been either scarified or acid 
treated before a wet chill period. 

Optimum time for the acid treatment appeared to vary with the 
days chilled. A longer treatment in acid seemed to be required with 
a shorter chill period. A long acid treatment seemed to be harmful 
where the seed was chilled for the longer periods. 

Seeds of different lots of C. approximata need chilling. Germina- 
tions were made on I! collections of seed of C. approximata to 
determine if chilling was a requirement for breaking dormancy in 
seeds of other lots of this species. These collections were from 
different areas in the state. 

Seed of all lots failed to germinate until they had been treated 
with acid and chilled. When this was done, some seeds of all lots 
germinated even though there was variation between lots (Table 5). 


Table 5. Germination of C. approximata seed collected at several localities, 1958 


Percent germination 


on Location where seed collected and year produced 

Treated in 
H2SO. Deita Des- | Hink-| Lyn- Hyrum Box Elder 
minutes ‘ eret ley dell Co 


1956 | 1957 1958 | 1958 | 1958) Lot 1) Lot 2) Lot 5) Lot 3} Lot 4 
1957 | 1957 | 1957 | 1957 | 1957 


0 0 0 
0 0 0 
2 3 0 
32 46 ~ 
70 55 10 
61 37 10 


Interrelation between acid treatment, temperature during chilling, 
and days chilled. An experiment was run to evaluate the interrela- 
tion of the duration of the acid treatment, temperature at which 
chilling takes place, and the days of chilling required. Two lots of 
seed were used, one collected in 1956 and the other in 1958. Ger- 
mination percentages obtained for the various treatments on the 
two lots of seed were similar except the 1958 seed gave consistently 
lower germination in all cases than the 1956 seed. Germination per- 
centages for the 1956 seed, for the various treatments, are shown in 
Figure 2. Untreated seeds did not germinate. Some germination 
occurred with chilling even without the acid treatment. A _five- 
minute acid treatment increased the germination over no acid, and 
the thirty-minute acid treatment was distinctly more effective than 
the shorter time. Temperatures from 35° F to 45° F seemed ade- 
quate for chilling. A thirty-minute acid treatment with a ten-day 
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Figure 2. Percentage of seeds of C. approximata germinating in 10 days, as related 
to length of acid treatment, days chilled and temperature during chilling 
(Upper no acid, middle 5 minutes acid, and lower 30 minutes acid). 


chill period gave about as high percentage germination as a 40-day 
chill period with a five-minute acid treatment. The highest ger- 
mination was obtained with a thirty-minute acid treatment and 
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twenty or more days of chilling at any of the temperatures used. 
These treatments should give satisfactory results with ‘most lots 
of seed. 

SUMMARY 


The usual procedure of breaking dormancy in dodder seeds by 
either acid treatment or scarification was not effective in breaking 
seed dormancy in seeds of small-seeded alfalfa dodder (Cuscuta 


approximata Bab.). 

However, dormancy in seeds of this species was readily broken by 
wet chilling the seed at 35° to 45° F for a period of two to three 
weeks following the acid or scarification treatment. Acid has been 
consistently more satisfactory than scarification for making the seeds 
of C. approximata permeable to water. 
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Effect of 3-Amino—1,2,4-triazole and L—Histidine on Rate 
of Elongation of Root Hairs of Agrostis alba’ 


Wm T. Jackson? 
INTRODUCTION 


r was discovered in 1952 that 3—-amino—1,2,4-triazole (amitrole) 
I possesses defoliating and regrowth inhibiting properties in cotton 
(3). Subsequent study has shown that its most dramatic effect is in 
the inhibition of chlorophyll formation. Since it is readily absorbed 
by roots, is translocated throughout the plant, is a general growth 
inhibitor, and is effective in low concentrations (4), it is a potentially 
valuable systemic herbicide. It has been used successfully in the 
control of quackgrass (10), nutsedge (2), Canada thistle (8), and such 
woody plants as poison ivy.* 

The mechanism of action of amitrole in bringing about various 
plant responses is still not understood. It has been established that 
its action can be antagonized by purines, pyrimidines, histidine, and 
riboflavin (1, 5, 11). 

Hilton (5) found that amitrole at relatively low concentrations 
inhibits the growth of Saccharomyces cerevisiae and Schizosaccha- 
romyces pombe. This inhibition could be largely reversed by the 
addition of L—histidine to the medium. The inhibition could not be 
reversed to the same extent by D-histidine, 1—histidinol, urocani« 
acid, other L—amino acids, purines or pyrimidines. Although he 
was able to demonstrate the protective effect of L—histidine against 
amitrole toxicity in the two species of yeast, he was not able to do so 
with one species of bacteria or with seedlings of higher plants. 
Hilton* found that the seedlings exhibited no visible symptoms of 
injury until a week or so after application of amitrole. Therefore, 
it is possible that L—histidine was not able to reverse amitrole- 
induced inhibition of growth of seedlings because the exogenous 
supply of L—histidine was not available at the time amitrole began 
to exert its inhibitory effects. A higher-plant growth system in which 
amitrole-induced inhibition could be detected within a few hours 
after application would be expected to be more suitable than those 
requiring several days or weeks for assessing the ability of L—histidine 
to reverse the amitrole-induced inhibition of growth. Jackson (7) 
has found that the uniform rate of elongation of root hairs of redtop 
(Agrostis alba L.) seedlings can be altered rapidly by application of 
extremely low concentrations of indoleacetic acid. This system has 
been employed in the present work to study the effects of amitrole, 
L-histidine, and mixtures of these on the process of cell elongation 


‘Received for publication October 19, 1960. 

“Associate Professor of Botany, Dartmouth College, Hanover, New Hampshire 

Meyers, W. A., Am. Chem. Paint Company, Tech. Service Data Sheet H-60 
on Weedazol, p. 12, May 17, 1955. 

*Dr. James L. Hilton, personal communication. 
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for a two hour period immediately following application of the test 
solution. 


METHOops 


The method consists essentially in determining, by use of a hori- 
zontal compound microscope equipped with an ocular micrometer, 
the rate of elongation of selected root hairs of redtop seedlings 
growing in a culture chamber with roots immersed in a simple in- 
organic solution at pH 5.0-5.1. Although the initial stages of hair 
formation are quite slow, once the hair has attained a length of 30 
to 50 microns elongation continues at a rapid and uniform rate for 
several hours. Draining and refilling the culture chamber with the 
same solution does not alter the rate of elongation of hairs. The 
selected hairs were first measured at 30 minute intervals for a one 
hour control period. The solution was then drained and replaced 
with the same inorganic solution plus the test compound or com- 
pounds, adjusted to pH 5.0—-5.1, an initial measurement made and 
measurements continued at 30 minute intervals for a two hou 
treatment period. The rate of elongation of each hair was then cal- 
culated for each 30 minute treatment interval as a percentage of the 
rate of elongation of this same hair during the control period. Each 
experiment, involving measurement of 5 to 10 root hairs, was repli- 
cated at least three times. The methods have been described in detail 
elsewhere (6, 7). Since light-inactivation of the test compound was 
not a problem, the microscope lamps were simply equipped with a 
heat-absorbing filter and the room lighted by two four-foot cool white 
standard fluorescent tubes. All experiments were performed at a 
temperature of 21 + 1° C. 


RESULTS 


Response of root hairs to amitrole. 

10° to 10M amitrole had little or no effect on the rate of elonga- 
tion of root hairs during the first hour of treatment (Table 1). 
During the second hour, and particularly during the second half 
of this hour, both 10° and 10°'M amitrole were strongly inhibitory, 
10°M slightly so, and 10 and 10°M still without effect. Since the 


Table 1. Effect of amitrole on elongation of root hairs of redtop seedlings. Growth 
during the indicated period at each concentration is expressed as a percent of 
the growth of these same hairs for the one hour period immediately prior to 
treatment. Standard errors of means are also given for the total treatment 
period. 

Per cent elongation for various time periods minutes after 

initiation of treatment 


Concentration of amitrole 
M 


0-30 0-60 0-90 0-120 90-120 
0 51 103 155 206+ 3.0 51+1.3 
10 51 102 127 137 +10.6 10+1.8 
10-2 49 91 117 136+10.0 1842.8 
10 45 96 142 184+ 8.4 4343.2 
10-* 46 103 156 205+ 8.2 48+2.1 
10 i 42 98 157 206 +10.4 49+3.4 
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inhibition induced by 10M amitrole was as great as that induced 
by 107M, 10?M amitrole was selected as the most appropriate con- 
centration to use in combination with L-—histidine to determine 
whether or not L-histidine at any concentration could, in whole 
or in part, overcome the inhibitory effects of amitrole. 

These results showed that the degree of inhibition of root hair 
elongation increased with time and suggested that 10°M amitrole 
would cause strong inhibition of growth if the treatment period 
could have been extended for another hour. Unfortunately, the root 
hairs become so long during the third hour following treatment 
that they exceed the length of the ocular scale, thus making further 
measurements of dubious accuracy. 


Response of root hairs to L—histidine. 

During the first hour of treatment 10° to 10°M L-histidine had 
little or no effect on the rate of elongation of root hairs, whereas 
10°M L-histidine stopped growth immediately (Table 2). However, 
during the last half of the second hour of treatment, the rate of 


Table 2. Effect of L-histidine on elongation of root hairs of redtop seedlings 
Growth during the indicated period at each concentration is expressed as a 
percent of the growth of these same hairs for the one hour period immediately 
prior to treatment. Standard errors of means are also given for the total 


treatment period. 


Per cent elongation for various time periods, minutes, after 


Concentration of L-histidine initiation of treatment 
M 

9-30 0-60 0-90 0-120 90-120 
0 51 103 155 206 +3.0 5121.3 
10"! 0 0 0 0+0.0 0+0.0 
10-2 56 107 149 179+7.0 3142.3 
10°% 50 92 131 166 +9.0 35+4.0 
10-¢ 48 93 138 181 +8.4 4343.7 
10% 46 96 148 198 +9.2 50 +3.6 


elongation of hairs subjected to 10°?M L-histidine was reduced to 
about 60% of the control, 10°M to 68%, and 10°*M to 85%. Since 
10°M L-histidine stopped growth immediately, it was even more 
toxic than 10°'°'M amitrole during the first two hours of treatment. 
The effect of 107M L-histidine was probably non-specific. 


Response of root hairs to mixtures of amitrole and L—histidine. 
The effect of 10° to 10°M L-histidine in combination with 
102M amitrole on the rate of elongation of root hairs was deter- 
mined for a two hour treatment period (Table 3). The cessation of 
growth in 10?M amitrole plus 10°%M L-histidine was immediate. 
This was undoubtedly due principally to L—histidine. The presence 
of 10°? to 10°M L-histidine did not alter significantly the response 
of root hairs to 10M amitrole during the first hour of treatment. 
However, during the last half of the second hour, 10 to 105M L- 
histidine did nullify partially the inhibitory effects of amitrole. Com- 
pared to the rate of elongation of root hairs in 10M amitrole alone 
during the period 90-120 minutes after treatment, the rate in 10M 
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Table 3. Effect of 10-°M amitrole and the indicated concentrations of L—histidine 
on elongation of root hairs of redtop seedlings. Growth during the indicated 
period at each concentration is expressed as a percent of the growth of these 
same hairs for the one hour period immediately prior to treatment. Standard 
errors of means are also given for the total treatment period. 








| 
Per cent elongation for various time periods, minutes, after 
initiation of treatment 


Concentration of L-histidine 
M 


0-30 0-60 | 0-90 | 0-120 90-120 
10-1 0 0 0 0+ 0.0 0+0.0 
107 | 48 | 88 116 1334 7.2 17+1.9 
10-3 | 45 | 8&7 121 | 1412 9.8 20 +2.2 
10 | 48 96 135 | 160410.8 | 2642.9 
10-6 42 | 81 112 138+ 8.2 26 +2.6 
0 49 91 117 | 136+10.0 18+2.8 
Control* 51 103 155 206+ 3.0 5141.3 





*Neither amitrole nor t-histidine present. 


amitrole plus 10°M L-histidine was 108%, in 10M amitrole plus 
104M L-histidine it was 142% and in 10°°M amitrole plus 10°M 
L-histidine the rate was 144%. 


DISCUSSION 


Since the discovery that amitrole possesses defoliating and _re- 
growth inhibiting properties (3), much information has accumulated 
on its effects on various biochemical systems and upon develop- 
mental aspects of plant growth such as plastid formation. Relatively 
little is known about its effects on the process of cell elongation, 
and even less about the mechanism by which it exerts these effects. 
It should be mentioned that Hall et al. (4) have studied the inter- 
action of amitrole and indoleacetic acid in controlling coleoptile 
section elongation and that Racusen (9) has postulated that the 
lowering of catalase activity in leaves subjected to amitrole may be 
a clue to its toxicity in plants. 

The recent finding (1, 5, 11) that the inhibitory action of amitrole 
can be overcome by simultaneous applications of purines, pyrimi- 
dines, histidine, and riboflavin suggest that it may exert its effect 
through blocking of metabolic pathways involved in the synthesis 
of nucleic acids and proteins. Of particular interest in relation to the 
present study is the demonstration by Hilton (5) that 3 to 4 x 10°M 
amitrole causes a 50-percent inhibition of Saccharomyces cerevisiae 
growth and that the addition of 102M L-histidine to the growth 
medium causes a 3,000-fold increase in the amount of amitroie 
required to inhibit growth to the same extent in the same organism. 
Histidine alone had no effect on yeast growth; but the protective 
effect of L—histidine against amitrole toxicity was apparent at his- 
tidine concentrations as low as 10°M; and 10°*M was almost suffi- 
cient to produce the maximum effect. The striking effect produced by 
L-histidine could not be duplicated with even 10°M concentrations 
of other L—amino acids or with purines or pyrimidines. If the ami- 
trole concentration were low enough, 2 x 10M or lower, other 
amino acids did reverse this inhibition. He did find slight reversal 
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of amitrole inhibition by, in order of decreasing effectiveness, cy- 
tosine, guanine, adenine, hypoxanthine, 4—amino—5—imidazole car- 
boxamide and uracil. The striking effects of L—histidine led him to 
study its action in cultures of a wild strain and five different histidine- 
requiring mutant strains of Schizosaccharomyces pombe. The wild 
strain responded in a manner similar to that of Saccharomyces cere- 
vistae. However, 10-* to 10°?M amitrole did not inhibit growth of the 
histidine-requiring mutant strain in the presence of 10° to 10°*M 
L-histidine. These results suggest that amitrole does not prevent 
the utilization of L-histidine. Hilton (5) also attempted to deter- 
mine whether the addition of L—histidine could offset the action of 
amitrole in higher plants. Several different techniques were used in 
applying amitrole and L-histidine to seedlings of wheat, oats, barley, 
and tomatoes. There was no evidence that addition of L—histidine 
could nullify the action of amitrole. Hilton‘ stated that amitrole did 
not induce visible effects on the above seedlings for a week or so and 
that perhaps the plants were being slowly deprived of some growth 
factor. Since results of the present investigation demonstrate that 
10°°M amitrole will reduce the rate of elongation of root hairs to 
35% of the control rate in the period 90-120 minutes following treat- 
ment and that root hairs treated simultaneously with 10°M ami- 
trole plus 10°M L-histidine grow 51% as rapidly as the controls, it 
is apparent that (a) amitrole-induced reduction in growth of root 
hairs is rapid and (b) partial reversal of this inhibition by L—histidine 
is also rapid. However, it should be emphasized that although a 
higher concentration of amitrole, 10°?M, was required to inhibit root 
hair elongation in this short period than to inhibit yeast growth over 
a longer period, the same concentration of L—histidine, 10M, was 
effective in reversing the amitrole-induced inhibition. These find- 
ings are consistent with the hypothesis of Hilton (5) that one action 
of amiirole is to block the synthesis of L—histidine. These results 
plus the demonstration (1, 11) that amitrole-induced inhibition can 
be overcome by purines and pyrimidines and riboflavin suggest that 
amitrole is able to exert its inhibitory effects in several ways. 


SUMMARY 


The rate of elongation of root hairs of Agrostis alba seedlings is 
virtually unaffected by 10° to 10°M 3-—amino-1,2,4—-triazole (ami- 
trole) during the first hour of treatment. During the second hour, 
and particularly during the second half of this hour, the rate of root 
hair elongation is strongly reduced by 10° and 10M amitrole. The 
inhibition induced by 10M amitrole can be partially overcome by 
the simultaneous addition of 10° to 10°M L-histidine. Compared 
to the rate of elongation of root hairs in 10M amitrole during the 
period 90-120 minutes after treatment, the rates in 10M amitrole 
plus 10°M, 10M, and 10°M L-histidine were respectively 108%, 
142%, and 144%. These findings are consistent with the hypothesis 
that amitrole is blocking one or more steps in the synthesis of 
L-histidine. 

‘Dr. James L. Hilton, personal communication. 
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The Decomposition of Amitrole in California Soils’ 


B. E. Day, L. S. Jorpan, and R. T. HENpRIxsoNn? 


"Re apees s and avocado trees have occasionally been injured following 
use of 3—amino-—1,2,4-triazole (amitrole) at rates of 12 or more 
lb/A for control of perennial weeds. The distribution of tree injury 
relative to sprayed areas as well as the known low volatility of ami- 
trole (1) has indicated that tree injury was not due to volatility. The 
initial occurrence of symptoms on sucker growth in the interior and 
on the top foliage rather than lower exterior foliage of the trees 
would seem to eliminate spray drift as a possible cause. This injury 
has appeared to be due to spray residues being leached into the soil 
and taken up by the roots of the trees. 

Instances of injury to row crops by persistent residues of amitrole 
have also been observed. However, there is much experience to indi- 
cate that the persistence of amitrole in such cases is exceptional. In 
California, such persistence has been more frequent in some areas 
than in others, suggesting that differences related to climate or soil 
may be responsible. 

Amitrole has been used primarily as a foliar herbicide and has 
shown little promise as a soil treatment. Consequently, there has 
been little research on its herbicidal properties in soils. However, 
the initial and residual phytotoxicity is known to vary among soils 
(3, 4, 5). In seven soils studied, Sund (4) determined by analysis of 
aqueous extracts that 10 to 70 percent of added amitrole was 
adsorbed on the soil colloids. This initial adsorption as well as the 
rate of decomposition of amitrole over a period of time was directly 
correlated with the base exchange capacity of the soil. Toxicity to 
tomato plants was in direct proportion to the amounts of amitrole 
recoverable from the soil by extraction with water. These data along 
with the ability of the herbicide to form stable complexes with 
metals led Sund to propose that the disappearance of amitrole from 
soils might be due to a combination of complexing and adsorbing 
actions. 

The objective of the present study was to secure further informa- 
tion on the mode of deactivation of amitrole and the nature of the 
factors affecting its disappearance from soils as related to the use of 
amitrole in orchards and in fields prior to the planting of crops. 


METHODS 

Fifty-five soils were collected from the principal citrus areas of 
California for a survey of their capacity to adsorb and decompose 
amitrole. With the exception of the muck, collected from the Sacra- 
mento delta, the soils were selected as representative of the range 
of soil conditions of subtropical fruit orchards. Twenty-six of the 

'Received for publication October 23, 1960. Paper No. 1281, University of Cali 
fornia Citrus Experiment Station, Riverside, California 
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soils were collected from citrus orchards in which base exchange 
capacity and other soil characteristics had been determined by 
Harding (2). Samples of surface soil from several locations in a field 
were mixed thoroughly. The samples were then taken from the com- 
posite, air-dried, and screened to remove stones and roots. 

More detailed studies of some of the factors affecting amitrole 
decomposition were made for the following five soils: Chino silt 
loam, a dark brown alluvial soil of the valley floors; Diablo clay, a 
black soil of the coastal hills, residual from limestone; Hanford 
sandy loam, a light-textured soil formed by recent granitic alluvial 
deposits; Ramona loam, a medium-textured terrace soil of older 
alluvial granitic material having moderate profile development; 
and Vista sandy loam, a light-textured, upland soil residual from 
granite. These five soils are typical of the southern California coastal 
and intermediate valley areas and in addition cover a breadth of 
conditions as to texture and derivation. 

Phytotoxicity. 

The phytotoxicity of amitrole in the five test soils was determined 
over a range of concentrations using successive plantings of sesbania 
and sudangrass as test plants. The concentrations of amitrole were 
initially set in a logarithmic series at 0.5, 1, 2. ..32 ppm in 400 gm 
of air-dry soil. Wax-treated paper cups without ‘drainage holes were 
used as soil containers. Sesbania and sudangrass were planted at 
intervals of 0, 5, 15, and 29 days after addition of the herbicide to 
the soil. Moisture levels were maintained in the range of 50 to 90 
percent of field capacity by weighing the cultures and adding de- 
ionized water daily. Twenty-one days after planting, the plant shoots 
were harvested, oven-dried, and weighed. Final ratings of the factors, 
height, visual estimate of injury, and dry weight of plant material 
expressed as percent of the untreated control were averaged and 
are reported as “Index of Plant Growth.” 


Chemical analyses. 

Known amounts of amitrole were added to samples of the soils and 
the initial recovery and rates of decomposition determined by im- 
mediate and subsequent analyses. Analyses were by a modification 
of the method of Sund (4). Minor changes in volumes and aliquots 
were made in the method to adapt it to use with the Bausch and 
Lomb “monochromatic” colorimeter and the pH of the nitroprus- 
side reagent was adjusted to 10.5 rather than 11.0 as in the original 
method. Otherwise, the method was identical to the one reported by 
Sund. 

A standardized technique was employed in preparing the soil sam- 
ples and making the extracts for analysis. Such routines as stirring 
and filtering, as well as the standing time between procedures, were 
carried out according to a uniform time schedule for all experiments. 

Samples of 100 gm of air-dry soils were weighed into polyethylene 
cups and moistened with a solution containing 5 mg or 20 mg of 
amitrole in distilled water. Samples were held at constant tempera- 
tures (30° C except in exper iments in which temperature was studied 
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as a variable) in humid seed germinators during the incubation 
period. Soil moistures were maintained constant by periodic addition 
of water to maintain the cultures at constant weight. 

Extracts for analysis were made by adding sufficient water to each 
cup to bring the total weight of soil and water to 200 gm, the mixture 
then being equal parts of soil and water. After stirring for | minute, 
and separation by gravity filtration, samples of adequate volume 
were drawn from the total filtrate and centrifuged to clarity if 
needed. An analysis was thus not a measure of the total amitrole 
present but was a determination of the amount in solution excluding 
the amitrole adsorbed on the soil colloids. There is evidence (4) that 
this is a more valid measure of the amitrole available to cause plant 
injury than would be obtained by more complete extraction methods. 

Control cultures, differing only in not having the amitrole added, 
were carried through all procedures at the same time and under the 
same conditions as the amitrole-treated cultures. The color blanks 
obtained were used to adjust the slit of the colorimeter to 100 per- 
cent transmission, thus effectively canceling differences due to traces 
of turbidity or spurious color development. 


Factors studied. 

The factors of time, mixtures of soils, steam sterilization, tempera- 
ture, soil moisture, leaching, adsorptive capacity of the soil, and 
relationship to base exchange capacity were studied. 

Rates of leaching of amitrole were determined by applying the 
herbicide to the surface of soil columns and leaching with distilled 
water. Glass columns 4 cm in diameter were uniformly packed with 
400 gm of soil or quartz sand. Fifty mg of amitrole in | ml of water 
were added to the soil surface and leached into the soil with two 
successive 5-ml additions of water. Water was then continuously 
added at such a rate as to maintain a 5- to 10-mm head of water 
above the soil surface. The leachings were collected in successive 
units of 10 ml and analyzed for amitrole. 

In those experiments in which soil-moisture levels below field 
capacity were employed, the herbicide was added as a powder and 
thoroughly mixed with the soil before addition of the water. The 
problem of obtaining uniform distribution of low levels of moisture 
was overcome by slowly adding the water as a fine spray while rapidly 
tumbling the soil by a motor-driven rotating device. 

In the survey of amitrole depletion in 55 soils, 5 mg of amitrole 
were added to 100-gm samples of the air-dried soils and analyses 
made both immediately and after 14 days. Through the full range 
of soils, no apparent difhculty was encountered in the extraction 
or other technical details of the analyses. Filtration of some of the 
soil mixtures was slow, but in all cases a clear extract suitable for 
analysis was obtained. 

All cultures and analyses including the controls were replicated 
four times except that two replicates were employed in the general 
survey of amitrole decomposition in the full range of soils. 
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Figure 1. Growth response of a series of plantings of sudangrass and sesbania in 
five soils treated with seven concentrations of amitrole. The numbers on the 
lines refer to the number of days elapsed after treatment of the soil with 
amitrole until planting of the seeds. 
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RESULTS 


Phytotoxicity. 

The data on the phytotoxicity of amitrole as affected by planting 
delay are given in Figure 1. Sudangrass was less sensitive than ses- 
bania to the. presence of amitrole. This may be due in part to the 
4-day germination time of sudangrass allowing more time for decom- 
position of the amitrole after planting than the 2 days required for 
germination of sesbania. The growth of sudangrass was more vari- 
able than the growth of sesbania and the apparent response to ami- 
trole was correspondingly more erratic. Initial amitrole toxicity 
differed greatly among the five soils. Rate of detoxification of ami- 
trole as indicated by the response of the delayed plantings was 
rapid but not uniformly so. 


Chemical analyses. 

The recovery of amitrole initially and weekly over a period of two 
to four weeks from the five principal test soils and a mixture of two 
of these soils is given in Figure 2. The initial amitrole levels were 20 
mg per 100-gm soil sample and moisture levels were maintained at 
90 per cent of field capacity. The soil mixture was composed of 95 
parts of Chino silt loam soil and 5 parts of Vista sandy loam. 

The amount of amitrole recovered initially ranged from 73 per- 
cent in the Chino silt loam to 97 percent in Hanford sandy loam. 
Rates of depletion of amitrole were approximately linear varying 
from 0.3 mg per week for Hanford to 10 mg per week for Vista— 
a difference of more than thirtyfold. The soil mixture was included 
to determine whether or not a small amount of soil possessing the 
ability to rapidly decompose amitrole could serve to “inoculate” soil 
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in which amitrole decomposition was relatively slow. In the com- 
posite sample, amitrole was depleted at the rate of 2.7 mg per week 
as compared with 2.2 mg per week for Chino soil alone. The rate of 
2.6 mg per week would be expected on the basis of the proportions 
of soils used. With this small difference, no “inoculation” effect can 
be considered to have occurred. The depletion rates obtained by 
these analyses confirm the data from the plant responses in the 
delayed plantings (Figure 1) with the exception of Hanford sandy 
loam for which the biological data indicate a more rapid breakdown 
than do the analyses. 

Soil sterilization. 

The effect of sterilization by steam on the rates of depletion of 
amitrole in three of the soils is shown in Figure 3. The soils were 
autoclaved in metal cans, transferred to clean (but not sterilized) 
polyethylene cups, and 20 mg of amitrole were added to each sample 
in sufhicient distilled water to raise the soil moisture level to 90 per- 
cent of field capacity. Sterilization did not affect the amount of 
amitrole immediately recoverable from the soils. Sterilization greatly 
reduced the rate of decomposition of the herbicide over the four- 
week period in the Vista and Chino soils, but had little effect on the 
slow rate of decomposition in Hanford soil. Breakdown in the Han- 
ford soil either with or without sterilization was about the same as 
in the other two soils after sterilization. This indicates that the rela- 
tively high rates of disappearance of amitrole in the Chino and Vista 
soils are due predominantly to biological action. A low rate of decom- 
position of amitrole, or possibly a slow adjustment of adsorption 
equilibrium, occurs in the soils independently of biological factors. 


Soil temperature. 

The effect of soil temperature on rates of decomposition of ami- 
trole by Vista and Chino soils was determined as shown in Figures 
4 and 5. Initial amitrole levels were 20 mg per 100-gm sample of soil 
and analyses were made at four-day intervals on samples maintained 
at 10° C, 20° C, 30° C, and 40° C. 
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Figure 4. Recovery of amitrole from Figure 5. Recovery of amitrole from 
samples of Vista sandy loam at four samples of Chino silt loam at four 
temperatures. temperatures. 
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Amitrole was broken down most rapidly at intermediate tempera- 
tures. In each of the soils, decomposition was much slower at both 
high and low temperatures, with an optimum temperature between 
20° C and 30° C. This pattern of response further supports the view 
that amitrole depletion is predominantly a biological action. 


Soil moisture. 


The effect of soil moisture on recovery of amitrole from Vista, 
Chino, and Diablo soils was determined as shown in Figures 6, 7, 
and 8. Moisture was maintained at five levels from 16 per cent to 80 
per cent of the field capacity of the individual soils. The initial 
amitrole concentration was 20 mg per 100-gm soil culture. 
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Figure 6. Recovery of amitrole from 
samples of Vista sandy loam at 30° C 
and five moisture levels. The num- 
bers on the curves refer to moisture 
levels in per cent of field capacity. 
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Figure 7. Recovery of amitrole from 
samples of Chino silt loam at 30° C 
and five moisture levels. The num- 
bers on the curves refer to moisture 
levels in per cent of field capacity. 
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Recovery of amitrole from 
samples of Diablo clay at 30° C and 
five moisture levels. The numbers on 
the curves refer to moisture levels 
in per cent of field capacity. 
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The data show that amitrole decomposition occurred over the full 
range of soil moistures tested. For Vista and Chino soils (Figures 6 
and 7), there was appreciable delay in amitrole decomposition at 
the 16 per cent moisture level with little correlation between decom- 
position and moisture levels above 48 per cent of field capacity. For 
the Diablo soil (Figure 8) throughout the series of periodic analyses, 
there was a rough positive correlation between moisture content 
and amitrole decomposition. 


Leaching. 

The data on leaching are given in Figure 9. It is apparent that 
amitrole moves readily with the leaching water but with distribution 
patterns that vary appreciably among soils. For quartz sand, the peak 
concentration was in the first 10 ml sample but was delayed to the 
second, third, and tenth for Hanford, Vista, and Chino soils, 
respectively. This order is the inverse of the per cent of initial recov- 
ery of amitrole from mixtures of these same soils and water (Figure 
2) and is thus directly related to the adsorptive capacity for amitrole 
of the soils and sand. These adsorptive capacities in equal mixtures 
of soil or sand with water were 0, 3, 11, and 27 per cent for the sand, 
Hanford, Vista, and Chino soils, respectively. 

The depth of penetration of the water from a particular rain or 
irrigation following spraying with amitrole becomes the basis for 
interpretation of the data in Figure 9 in estimating the concentra- 
tion of amitrole at different depths in the soil. For example, if leach- 
ing water were to penetrate to a depth of 20 units (inches, cm, or mm) 
relative concentrations for the different soils could be estimated 
directly from the curves for each unit of depth. Zero on the horizontal 
axis in Figure 9 would be the moving front of the leaching water 
and 20 on the same axis would be the soil surface. 

The distribution is in all cases relative to the depth of movement 
of the water. For any particular depth the vertical distribution of 
amitrole is described by a curve similar to the ones shown for each 
particular soil in Figure 9, but with the horizontal axis either 
“stretched” or “compressed” to equal the depth of water movement. 

Average total recovery of amitrole in the leaching water for the 
four replicates of the 50 mg originally added was: Hanford, 54.6 
mg; Vista, 46.5 mg; and Chino, 46.0 mg. In spite of the obvious error 
in apparent excessive recovery from the Hanford soil, it is evident 
that leaching by rainfall or irrigation water removes amitrole from 
the surface layers of soil. Thus leaching could assure that residues 
of preplanting applications of amitrole are taken below the zone 
of germination of the crop, or on the other hand, could move the 
amitrole as a relatively concentrated band into the zone of greatest 
root density of orchard trees. This evidence is also important in the 
interpretation of the results obtained by the extraction methods 
employed in the analyses reported in this paper. It is clear that the 
amitrole not recovered in the water phase is in fact reversibly bound 
by the soil in some manner and not destroyed or permanently bound. 
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Depletion in various soils. 

Data for the survey of amitrole depletion in 55 California soils 
are given in Table I. 

Three soils collected from the Coachella Valley gave apparent 
initial recoveries of amitrole significantly in excess of the amount 
added. The apparent error could be eliminated only by use of col- 
orimeter curves standardized specifically for each of the soils. For 
the sake of uniformity, data are given on the basis of a common 
standard curve. Consequently, initial recovery of amitrole from two 


Table 1. Average per cent recovery of amitrole initially and after two weeks 
from California soils. 


Per cent recovery 


Soil classification Location 
Initial Two-week 


| Hanford stony sandy loam Pauma 0 
Hanford loamy sand Pauma 40 
Hanford gravelly sandy loam®*® | La Verne 0 
Hanford sandy loam* | Highgrove 16 
Hanford sandy loam* Highgrove 45 
Hanford sandy loam* Arlington 0 
Hanford sandy loam» Mentone 294 
Bautista sandy loam Hemet 
Fallbrook fine sandy loam Fallbrook 
Vista sandy loam? | Fallbrook 
Vista sandy loam' | Escondido 
Vista sandy loam* Escondido 
Vista sandy loam* Escondido 
Vista sandy loam* | Escondido 
Greenfield sandy loam* Riverside 
Greenfield sandy loam* | Riverside 
Greenfield sandy loam* Arlington 
Greenfield sandy loam* | Highland 
Sorrento fine sandy loam | Goleta 
Elkhorn loamy sand Encinitas 
Elkhorn loamy sand Encinitas 
Superstition very stony sand Coachella 
Superstition stony sand | Coachella 
Coachella very fine sand | Coachella 
Indio loam | Coachella 
Indio clay loam Coachella 
Las Posas loam Fallbrook 
Ramona loam* Mentone 
Ramona loam | Riverside 
Ramona loam? | Riverside 
Yolo sandy loam* Capistrano 
Yolo loam* | Santa Ana 
Yolo loam*® Northridge 
Yolo loam* Camarillo 
Yolo loam, high fan phase* Corona 
Yolo loam Goleta 
Yolo loam Ventura 
Yolo loam Ventura 
Yolo silt loam* Corona 
Yolo silt loam* Ojai 
San Joaquin sandy loam* Ivanhoe 
San Joaquin sandy loam* Ivanhoe 
San Joaquin loam* Strathmore 
San Joaquin loam Woodlake 
San Joaquin clay loam | Orange Cove 
Exeter loam gravelly phase* Strathmore 
Exeter loam*® Exeter 
Exeter loam Lindsay 
Hovey adobe clay | Orange Cove 
Ducor adobe clay* Porterville 
Porterville adobe clay* Terra Bella 
Porterville adobe clay Orange Cove 
Chino silt loam Chino 
Diablo clay* | Oceanside 
Muck Isleton 


*Soils studied by Harding (2 
>Virgin soils 
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soils of the Superstition and one of the Coachella series are reported 
in excess of 100 per cent. 

The soils in Table | are grouped by series and these arranged in 
the general order of lighter to heavier texture. The arrangement is 
to some extent geographical since the desert and upland series tend 
to be lighter in texture than the series from the coastal areas and 
the San Joaquin Valley. 

The most apparent characteristic of the data as a whole is the 
high degree of variability in the persistence of amitrole among the 
soils tested. After two weeks, residues were entirely absent in 26 of 
the 55 soils, present in only trace amounts in 6 others, and present 
in substantial quantities in the remaining 23. The variability is large- 
ly random with respect to soil classification, although there is some 
trend toward lower residues in the loams and heavier textures 
reported in the lower part of the table. It is, nevertheless, clearly 
evident that soil classification, as such, provides an insufficient basis 
for the practical evaluation of residue persistence. The wide vari- 
ation among soils of the same classification is seen in the range of 
residues remaining after two weeks: 0 to 94 per cent among the seven 
Hanford soils and the 0 and 76 per cent residue values for Ramona 
loam taken from two sources near Riverside. 

The geographical sources of the soils along with classification 
appear to offer a rough basis for estimating amitrole persistence. 
The ten samples of Yolo soil, all collected from coastal areas, were 
consistently free of residue, whereas residues were present in all of 
the five soils from the Coachella Valley. Both of these results confirm 
field experience. Use of amitrole in orchards and vineyards has 
usually caused tree or vine injury in the Coachella Valley but rarely 
so in the coastal areas. Lower residue hazard in the San Joaquin 
Valley is shown by the persistence of amitrole in only | of the 12 
soils collected from that area. These geographical relationships are 
better seen on the sketch map (Figure 10). 

This map shows the locations from which the soils were collected 
along with a graphical representation of the amitrole residue 
remaining after two weeks. The numbers on the map refer to the 
numbers in the left column of Table 1. The muck soil was collected 
from outside the area shown on the map and is not plotted. An 
average value is plotted for soils 7A and 7B which were collected 
from opposite sides of the same orchard. From the map, it is ap- 
parent that residue levels tend to be high in the lighter upland and 
desert soils and low in the heavier soils of the San Joaquin and 
coastal valleys. 

A possible means of correlating amitrole decomposition with soil 
characteristics is based on the observation by Sund (4) of positive 
correlation between the rate of depletion and the capacity of a soil 
to adsorb amitrole and between both these factors and base exchange 
capacity. If this were generally true, we should expect the amount 
of amitrole recovered after two weeks to be high from those soils 
from which initial recovery was high. By inspection of the values 
in Table 1, it can be seen that this is frequently true but with many 
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Figure 10. Map of amitrole recovery from southern California orchard soils. The 
blackened portion of each circular graph placed at the point of collection of 
the soil indicates the proportion of added amitrole remaining after two weeks 
at 30° C. 


exceptions. The mean initial recovery of amitrole from the 26 soils 
having no residue after two weeks was 76.2 per cent. Excluding the 
6 soils having final residues in the “trace” category, the mean initial 
recovery was 87.9 per cent from the 23 soils in which amitrole did 
not fully decompose. Mean values for adsorption are thus 23.8 and 
12.1 per cent, respectively, for the two categories of soil. This differ- 
ence in adsorption is statistically significant at the 5 per cent but not 
at the | per cent level of probability. 

The depletion of amitrole in those soils in which residue remained 
at the two-week analysis may be further examined for correlation 
with amitrole adsorption. For 19 soils, these factors have a correla- 
tion coefficient of 0.176, considerably less than the value of 0.456 for 
significance at the 5 per cent level. It is evident that amitrole deple- 
tion is not closely related to adsorption. 
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Values for total base exchange capacity for 23 of the soils were 
available from Harding (2). These values range from 5.1 to 34.2 
me/100 gm and have a correlation coefficient with the capacity of 
the soil to adsorb amitrole of 0.151 (0.413 required for significance). 
It is evident that the variation of amitrole adsorption is largely inde- 
pendent of base exchange capacity, indicating that the sites and 
mechanism of adsorption differ from those concerned in base 
exchange. 

Of these 23 soils, breakdown of amitrole was complete in 15 
having an average base exchange capacity of 13.6 me/100 gm. A 
trace of amitrole was present in one soil and measurable residues 
remained in seven soils having a mean base exchange capacity of 7.9 
me/100 gm. The difference of 5.7 units is significant at the | per cent 
level. For the larger number of soils there is a positive relationship 
between base exchange capacity and the ability of a soil to decom- 
pose amitrole. However, the correlation coefficient for these factors 
for the seven soils having residues was only 0.123 (significance = 
0.754). 

DIsCUssION 


The relationship between the analytical and biological data for 
the five soils shows that the capacity of the soil to decompose ami- 
trole rather than capacity to adsorb amitrole is the determining 
factor in both the immediate and the delayed plant response to soil 
applications of amitrole. It appears that the time required for seeds 


to germinate and roots to develop is sufficient for the depletion of 
appreciable quantities of amitrole. Adsorption is of greater signifi- 
cance through its determination of the pattern of leaching of ami- 
trole in different soils, thus governing distribution of amitrole in the 
root zone. 

The pronounced effect of steam sterilization leaves little doubt 
that soil microorganisms are the main agency in the depletion of 
amitrole in soils. Adsorption on soil colloids and complexing with 
metallic ions, the mechanism suggested by earlier work (4), could 
account for that portion of the disappearance of amitrole observed 
to be unaffected by steam sterilization. 

The highly variable rates of depletion of amitrole in different soils 
are likely due to differences in populations of soil organisms. These 
differences are correlated in a general way with soil classification, 
texture, base exchange capacity, and amitrole adsorption capacity. 
The relationships in each case are not close and thus do not provide 
a useful index of the capacity of the soil to decompose amitrole, 
nor can any particular cause-and-effect relationship be shown. The 
soils studied range from desert sands having only limited develop- 
ment of the usual chemical, physical, and biological properties of 
soil to soils with these properties developed to a high degree. The 
microorganism populations capable of decomposing amitrole follow 
the same trend. 

The data show three discrepancies that are probably related: (1) 
the disagreement between plant response and analysis in determin- 
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ing the rate of decomposition of amitrole in Hanford sandy loam, 
(2) the apparent excessive recovery of amitrole in this same soil as 
shown by analysis in the leaching experiment, and (3) the apparent 
excessive recovery of amitrole in the analyses of three desert soils. 
Seemingly in these cases the analyses show more amitrole present 
than is actually present. Although the analytical method is not 
entirely specific for amitrole, control determinations show that the 
error is not due to a faulty assay of related substances already present 
in the soil but to some reaction resulting from the addition of the 
amitrole. A reasonable explanation is that the amitrole reacts in 
these soils to form a related compound that is more active in the 
analysis and less phytotoxic than the parent amitrole. This assump- 
tion would explain the discrepancies noted and would not seem 
unreasonable in the light of the unspecific nature of the analysis 
and the reported capacity of amitrole to react with metallic ions (4). 


SuM: Y 


Adsorption, phytotoxicity, rates of leaching, and persistence of 
amitrole as affected by variations in soil type, temperature, moisture, 
and sterilization by steam were studied in soils collected from Cali- 
fornia citrus districts. In 55 soils studied, adsorption of amitrole 
was usually less than 20 per cent of the amitrole added and only 
rarely greater than 50 per cent. The adsorption was found to be 
readily reversible, and amitrole could be quantitatively leached 
from soils by continued percolation with water. The rate of down- 
ward leaching of the amitrole relative to the movement of the water 
was retarded in proportion to the capacity of the soil to adsorb 
amitrole. 

Rates of decomposition of amitrole in steam-sterilized soils were 
much lower than the rates in unsterilized soils indicating that the 
decomposition is primarily due to the action of soil microorganisms. 
The microorganisms concerned have a temperature optimum be- 
tween 20° C and 30° C. Decomposition of amitrole was slower at 
low than at medium and high soil-moisture levels. 

Rates of decomposition of amitrole were highly variable among 
the soils studied, apparently because of differences in populations 
or levels of activity of the soil microorganisms concerned. Amitrole 
decomposition was not closely related to soil classification, texture, 
base exchange capacity, or amitrole adsorption capacity, although 
there was some correlation with all of these factors. 

A short residue life for amitrole was more frequently found in the 
more highly evolved soils of the coastal and inland valleys having 
finer textures and more highly developed colloidal properties than 
in the lighter, desert, and recently alluvial soils. 
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Effects of Reduced Sunlight on Water Stargrass 
(Heteranthera dubia)’ 


Rosert E. WILKINSON? 


ome stargrass (Heteranthera dubia (Jacq.) Mac. M.) is a per- 
ennial, rooted, aquatic plant indigenous in the shallow lakes, 
ponds, and slow rivers of the eastern United States. It thrives in the 
drainage canals of northeastern Arkansas. This area is basically a re- 
claimed swamp with intermingled soils ranging from pure sand 
to heavy clay, and the water table is very close to the surface. Water 
stargrass reduces the carrying capacity of the drainage ditches, 
resulting in a rise in the soil water table and in flooded or water- 
logged soils. Water stargrass makes its greatest growth in the spring 
during the season of heaviest load on the drainage canals. 

During the summers of 1957 and 1958 the growth of water star- 
grass under natural conditions was very erratic. Because of the 
variable amounts of silt in the water and bands of trees along 
the banks of the drainage ditches it was suggested that reduced 
light might be one of the factors responsible for this erratic growth. 
Observations were made on the intensity of light at the bottom of 
two ditches. Honey Cypress Slough, carrying a heavy silt load, was 
measured at | percent of full sunlight at 18” depth, and Buffalo 
Creek, carrying a lighter silt load, had 2 percent of full sunlight 
at 18” depth. 

Many authors have used aquatic plants for photosynthetic studies. 
The works of Arens (1), Gessner (2), Lowenhaupt (3), Manning et al. 
(4), Steemann-Nielsen (6), and Van der Veen (7) established many 
of the physiological effects produced upon aquatic plants by their 
environment and effects of aquatic plants on their environment. Mey- 
er et al (5) found that water stargrass had an apparent photosynthetic 
compensation point between 1.8 and’ 0.68 percent of the sunlight 
available at the surface of the water. Since Meyer et al conducted 
only short-time experiments, the greenhouse experiment reported 
here was undertaken to measure the effect of shading on the growth 
of water stargrass over a longer period. 


METHODS AND MATERIALS 


Growth of water stargrass under 4 reduced light intensities was 
compared with growth in sunlight. The basipetal ends of twenty- 
five randomly selected 4- to 6- inch sections of water stargrass stems 
were imbedded about 2 inches in 2 kilograms of a fertile clay soil 
in each of forty 3-gallon aquaria. These sections rooted from the 
nodes within a few days. Each aquarium was filled with tap water. 


*Received for publication October 29, 1960. Study conducted by Crops Re 
search Division, Agricultural Research Service, U. S. Dept. of Agriculture in 
cooperation with the Arkansas Experiment Station. 

*Plant Physiologist, Crops Research Division, Agricultural Research Service, 
U. S. Dept. of Agriculture, Delta Substation, Clarkedale, Arkansas. 
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Twenty-four hours after implantation of the sections the aquaria 
designated for reduced light treatments were individually covered 
with shade cloth and white muslin to obtain the desired percent- 
ages of available sunlight: 23, 9.6, 5.8, and 2.8. Light intensity meas- 
urements were obtained at a water depth of 3 inches using a silicone 
solar battery attached to a shunted microammeter. Percentages of 
available sunlight in the shaded aquaria were calculated from the mi- 
croamperes of current measured under each combination of shade 
cloth plus muslin and the current measured upon removal of the 
shading materials. Each treatment, including the control which 
received 100 percent available sunlight, was replicated 8 times with- 
in a single experiment and the experiment was repeated 6 times 
from April 1 to October 21, 1959. Total fresh weight of water star- 
grass per aquarium was recorded before imbedding in the soil. 
After a 4 weeks growth period the terminal total fresh and dry 
weights of water stargrass per aquarium were obtained. Fresh 
weights were measured to the nearest decigram after allowing the 
water to run off and blotting the sections with newspaper and dry 
weights were taken after the plants were dried to constant weight 
at 60+1° C. 

The relative light quantity as influenced by season was obtained 
by measuring the area under the curve of a recording pyrhelio- 
meter® with a planimeter. The data represent only the area under 
the curve. However, this instrument records gram-calories/min- 
ute/square centimeter. Therefore, the area under the curve is pro- 


portional to the total energy available. In the final period of growth 
the pyrheliometer records ended on October 16. The total light 
available from September 23 to October 21 was estimated by mulTti- 
plying the total light available from September 23 to October 16, 
inclusive, by 29/24. 


RESULTS 
The average fresh weight increase per aquarium and the average 
percentage increase over the six repetitions of the experiment are 


Table 1. Fresh weight increase of 25 sections of water stargrass grown under 
varying percentages of natural sunlight during 4-weeks.’ 





Increase? in fresh weight Percent of 
Percent of full sunlight | — j _- —— growth in 
| Grams /aquarium Percent full sunlight 


812 100 
494 64 
300 37 
290 37 

52 5 





‘Average total fresh weight per aquarium prior to testing=4.4 grams. Each value is the average of 
48 measurements. 
*LSD (1 percent level) =4.0 grams. 


*Pyrheliometer records were graciously furnished by B. B. Bryan, Associate 
Agricultural Engineer, Department of Agricultural Engineering, University of 
Arkansas, Fayetteville, Arkansas. 
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shown in Table |. Significant increases in fresh weight occurred 
at light levels as low as 5.8 percent of available sunlight (AS). The 
differences in growth at different light intensities were significant 
at the 5-percent level except between 9.6 and 5.8 percent AS. The 
data for 2.8 percent AS indicated that the compensation point for 
this plant over a long period was equal to or less than about 2.8 
percent AS. 

The effect of light intensity upon growth of water stargrass in 
each of the six repetitions of the experiment in shown in Figure 1. 








2.858 98 23 100 
PERCENT AVAILABLE SUNLIGHT 
Figure 1. Percent increase in fresh-weight of water stargrass sections grown in 
varying relative light intensities during 6 different 4-week periods of the 1959 
growing season. 


. 
, 
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The relations between the levels of growth of water stargrass and 
the relative light intensity available were similar in most respects 
in these repetitions. All curves show decreasing amounts of growth 
associated with decreasing light with a steep decline at lower light 
intensities. The average critical point of greatest decline was not 
determined between 23 and 5.8 percent AS. Growth at 2.8 percent 
AS was not significant except in one repetition. During the period 
June 10 to July 8 water stargrass made appreciable growth at this 
level of light intensity. 

Since the point of greatest decline in Figure | was not constant, 
another presentation of the data (average total percent of growth 
vs percentage available light) was shown in Figure 2. This curve 
resembled a logarithmic curve of the type Y = a + b log,, x. There- 
fore a regression analysis was calculated using the average percent 
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0. 
2.85.8 98 23 100 
PERCENT AVAILABLE SUNLIGHT 
Figure 2. Percent of growth of water stargrass in 4 weeks at varying relative 
light intensities. Dotted line is the line of regression for Y — a + b log, X. 





total growth vs log,, of the percentage available light. The corre- 
lation coefhcient was +0.99. 

The seasonal trend of growth of water stargrass in the various 
repetitions of the experiment during the growing season is shown 
in Figure 3. The greatest growth was made during the period 
June 10 to July 8. Since June 22 is the longest day of the year it 


appeared that a seasonal response to total available light quantity 
was likewise exhibited. Pyrheliometer data available for June 3 to 
October 16 are shown in Figure 3. They indicate that the growth 
of water stargrass throughout the season correspond to the total 
quantity of light available. An analysis of the correlation between 
the total light available per period of growth and the percent in- 
crease in fresh weight was undertaken. The correlation coefficient 


L200 








RELATIVE LIGHT QUANTITY 





APR. |- may @- JUNE - = JULY 1S - 
APR. 29 JUNE 3 wy 86 AUG. i2 SEPT. 16 
Figure 3. Total growth of water stargrass (solid line, scale left) and total light 
available (dash line, scale right) during the dates listed. 
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was 0.99 and it was concluded that a seasonal response of water 
stargrass to total available light was also exhibited. 


DISCUSSION 


Compared to growth of terrestrial plants in reduced light, 64 
percent of the growth in full sunlight is a rather high value to 
have been obtained in 23 percent of full sunlight. The exact point 
of greatest decrease in rate of growth as related to light and other 
enviromental conditions needs further experimentation. It appears 
that this point changes with the season. Correlation of the average 
total growth and the logarithm of the percentage light available 
is unusual. Whether this correlation is a true representation of 
conditions in this and other aquatic plants or an anomaly of these 
data due to unrecognized factors is unknown. 

Considering the minimum quantity of light needed for the pro- 
duction of sufficient fresh weight to be significantly different (5% 
level) from the material originally added to the aquaria, the follow- 
ing dates and percentages of available sunlight were found; 1. April 
1 to 29—9.6 percent AS, 2. May 6 to June 3—5.8 percent AS, 3. June 
10 to July 8—2.8 percent AS, 4. the following three periods—5.8 
percent AS. 

Quantitative data on the amount of light available to these 
plants at different depths below the water surface in natural streams 
are not available. Bartley and Ottot studied the quantity of light 
penetrating to various depths in 7 irrigation ditches in Colorado. 
These canals carry varying loads of suspended sediments. Bartley 
and Otto found an average reduction in light intensity of 80 to 
90 percent of full sunlight at a water depth of 10 inches. In one 
canal they found a total light reduction of 95 to 100 percent within 
5 inches of the surface. The maximum sunlight intensity (water 
surface) reported by these investigators was approximately 9300 
foot-candles. Since the minimum amount of light in which signifi- 
cant growth of water stargrass was obtained was 2.8 percent full 
sunlight during the period June 10—July 8, assuming 2.8 percent 
full sunlight as necessary for growth under natural conditions these 
data indicate that a maximum of 300 foot-candles were required 
for the establishment and growth of water stargrass during that 
period. The minimum light requirements for the establishment 
and growth of water stargrass under natural conditions appear to 
be considerably lower than 300 foot-candles since this weed was 
growing in a ditch only | percent of the available sunlight at the 
waters’ surface reached a depth of 18 inches. 


SUMMARY 


The correlation between the growth of water stargrass and the 
percentage total light available was tested in an experiment which 

‘Bartley, T. R., and N. E. Otto. Preliminary Field studies of submersed 
aquatic weeds in cooperation with the Northern Colorado Water Conservation 
District — 1959. Chemical Engineering Laboratory Report No. SI-26. U. 8. Dept 
of Interior, Bureau of Reclamation. Denver, Colorado. 1960. 
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was repeated 6 times over a 7-month period. The plants grown in 
23, 9.6, 5.8 and 2.8 percent of the available sunlight produced 64, 
37, 37, and 5 percent, respectively, as much growth in fresh weight 
as plants grown in unshaded aquaria. As an average of the repe- 
titions of the experiment, the growth in fresh weight obtained in 
2.8 percent of full sunlight was not significant. The growth in 2.8 
percent of full sunlight was significantly greater (1% level) than 
O only during the period June 10—July 8. Plant growth in the dif- 
ferent repetitions of the experiment during the 1959 growing sea- 
son increased as the season progressed and attained a maximum dur- 
ing the period June 10—July 8. Growth decreased thereafter to the 
end of the experiment in October. 
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Persistence of Soil-incorporated EPTC 
and Other Carbamates' 


L. L. Danietson, W. A. Gentner, and L. L. JANSEN? 


HE practical use of ethyl N,N-di-n-propylthiolcarbamate 
[EPTC] has been studied intensively by weed research workers 
since introduction of the herbicide in 1957 (3). Early studies were 
devoted to its evaluation as a soil-surface application for control 
of germinating weed seed. Studies conducted in 1958 showed that 
the activity of EPTC could be greatly increased by soil-incorpora- 
tion immediately after application (4) and emphasis shifted to 
soil-incorporation research (1). In general, the accumulated applied 
research data on the use of EPTC in pre-planting, or lay-by, soil- 
incorporated treatments have emphasized the pressing need for 
basic investigations on the effects of soil composition and reaction, 
temperature, light, moisture, method and depth of incorporation, 
and method of formulation on the activity of this herbicide (6, 
11, 12). A limited number of basic studies have been conducted 
on the effects of soil composition (5, 10, 13) and moisture (2, 9) 
on the performance and persistence of EPTC. However, basic 
research must be intensified if the excellent herbicidal potentiali- 
ties of EPTC and other soil-active carbamates are to be utilized to 
their fullest extent. 
The investigations on EPTC and other carbamates reported 


herein represent the initial phase of a program of studies on the 
basic factors affecting performance and persistence of soil-active 
herbicides. 


MATERIALS AND METHODS 


Investigations on the persistence of soil-incorporated carbamates 
were conducted in the following phases: comparative field evalua- 
tions; edaphic and cultural factors; herbicide formulation factors; 
and field confirmation of laboratory and greenhouse studies. 

A. Persistence of several carbamates in preliminary field soil- 
incorporation studies. 

Initial field studies on soil-incorporated pre-planting carbamate 
herbicide treatments were begun in 1958 on a Delanco sandy loam 
with commercial formulations of the following carbamates: ethyl 
N,N-di-n-propylthiolcarbamate | EPTC] ; 2-chlorallyl diethyldithio- 
carbamate [CDEC]; isopropyl N-(3-chlorophenyl) carbamate 
[CIPC]: sec—buytl N-—(3-chlorophenyl) carbamate [BCPC]; 2- 
chloroethyl N-—(3-chlorophenyl) carbamate {CEPC]; and isopropyl 
N-— (3—methylpheny!) carbamate (referred to in this paper as MIPC). 
These carbamates were used in comparative field studies on the 
relation between herbicidal activity and persistence when the herbi- 

*Received for publication October 29, 1960. 


*Plant Physiologists, Crops Research Division, Agr. Research Serv., U. 
Dept. of Agr., Beltsville, Maryland. 
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cides were soil-incorporated. The experimental area was plowed, 
disked, and smoothed with a Meeker harrow to prepare it for treat- 
ment. Whole plots for herbicide treatment were 12 x 100 feet, 
divided into three subplots 4 x 100 feet for planting dates. Sub- 
plot A received a pre-emergence (surface) treatment and subplots 
B and C received pre-planting (soil-incorporated) treatments at 2 
and 4 weeks, respectively. A logarithmic sprayer (8) was used to 
treat the whole plots in a single application at a maximum rate of 
16 lb/A of each herbicide in 33 gal of water on July 2, 1958. Treat- 
ments with EPTC were replicated three times and treatments with 
other herbicides were applied in single plots. Subplots B and C 
were double-disked to a depth of 3 to 4 in immediately after appli- 
cation and again 2 weeks later when subplot B was planted. Sub- 
plot C was disked a third time and planted 4 weeks after treatment. 
Plots were irrigated with | in of water immediately after incorpora- 
tion and after each planting. 

Air-temperature records were obtained with a thermograph. Accu- 
mulated temperature units in degree-hours above zero degrees 
Fahrenheit (°Hr F,) were calculated by using planimeter readings 
from the thermograph charts. 

Bio-assay plants used in these studies — mustard greens, snapbeans, 
anpual ryegrass, lettuce, and cucumbers — were direct-seeded in 
single rows in each subplot. Results were determined on the basis 
of relative growth and visible injury ratings for each crop. Data are 
presented as phytotoxicity indexes. 


B. Effect of soil composition and method of irrigation on persistence 
of soil-incorporated EPTC in greenhouse studies. 

The field study described in A revealed that EPTC and CDEC 
were herbicidally active when soil-incorporated within the logarith- 
mic rate-range used. EPTC was selected for continuation of soil- 
incorporation studies in the greenhouse during the winter of 1958. 
Emphasis was placed on the effect of method of irrigation and soil 
composition on persistence of the herbicide. The experimental de- 
sign was a randomized split-split block involving three replications. 
Subplots for two soils and sub-subplots for top- and sub-irrigation 
were established. 

A slightly acid potting soil (pH 6.2) containing 4.2 percent 
organic matter, and a 1:1 mixture by volume of this potting soil 
with washed pit sand were the two soils used in these studies. Metal 
flats 3.5 x 10 x 14 in were filled with approximately 16.3 Ib of 
air-dry potting soil or 11.6 Ib of the air-dry soil-sand mixture. 

Treatments were made by spraying the flats of soil on an endless- 
belt experimental sprayer. A commercial formulation of EPTC 
(containing 6 Ib of technical EPTC plus surfactants in sufficient 
kerosene to make a total volume of | gallon) was applied at rates 
of 1, 2, 4, and 8 Ib/A in sufficient water to make a total of 40 gpa. 
The herbicide was incorporated by emptying the sprayed soil of 
each flat on wrapping paper and thoroughly mixing by a standard 
procedure before returning the soil to the flat. 
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The treated flats were placed in the greenhouse the day of treat- 
ment. A measured volume of annual ryegrass seed was planted in 
a single row across the shorter dimension of each flat. A specially 
prepared tool established a standard depth of 1% in for all plant- 
ings. Plantings were repeated at weekly intervals for 17 weeks. Top 
irrigations were made with a hose sprinkler as needed. The sub- 
irrigations were made weekly or as needed to provide optimum mois- 
ture conditions. Ryegrass in each planting was allowed to grow 
4 weeks, and results were determined on the basis of number of 
plants and fresh and dry weights. Air- and soil-temperature data 
were recorded and integrated as described under A. 


C. Effect of organic solvent-carriers on persistence of soil-incorpora- 
ted EPTC in greenhouse studies. 

The initial field and greenhouse investigations on the persistence 
of soil-incorporated commercial formulations of EPTC indicated 
the urgent need to determine the importance of kerosene, the or- 
ganic solvent of the commercial formulation. Accordingly, green- 
house experiments were conducted on the persistence of soil-incor- 
porated technical EPTC applied in kerosene and other organic 
solvents. A randomized-block experimental design, replicated three 
times, was employed. The experiment (Solvent Study I) was repeat- 
ed (Solvent Study II). 

The potting soil-pit sand mixture and metal flats described pre- 
viously were used. Rates of 0, 14, Y%4, VY, 1, and 2 Ib/A active in- 
gredient of the commercial formulation of EPTC were applied 
in water and equivalent rates of technical (98 percent pure) EPTC 
were applied in acetone, benzene, xylene, No. 2 fuel oil, and kero- 
sene. In all instances 40 gpa of spray solution were used. Twenty 
selected oat seeds (var. Clinton) were planted 34 inch deep imme- 
diately after soil incorporation as previously described and at 
weekly intervals for 6 additional weeks. Sub-irrigation was used 
throughout these experiments. 

Each row of oats was harvested 4 weeks after its respective plant- 
ing date, at which time the following data were recorded: (1) injury 
rating— 0 to 10, where 0 equals no effect and 10 equals the death 
of the plant; (2) fresh weight-reduction percentage; and (3) height- 
reduction percentage. “Growth inhibition”, as presented in Figure 
2 was derived as follows: 

(Injury score X 10) + ht. red. pet. + wt. red. pet 


3 


D. Effect of surfactants on the persistence of soil-incorporated EPTC 
in greenhouse studies 

Earlier studies demonstrated that the persistence of soil-incorpor- 
ated EPTC depends partly on the organic solvent used as a carrier. 
Additional greenhouse studies were therefore conducted to 
determine whether the persistence of soil-incorporated EPTC is 
also influenced by surfactants. 

A randomized-block experimental design replicated three times 


= Growth inhibition 
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was employed. Soil mixture, application rates of EPTC, total solu- 
tion application rates, spray apparatus, and methods of incorpora- 
tion in the soil were as described in C. The commercial formula- 
tion of EPTC was applied in water and in kerosene and compared 
with technical EPTC applied in a mixture of water and kerosene 
in the same proportions as found in the spray solutions prepared 
from the commercial preparation. Levels of 0.001, 0.01, and 0.1 per- 
cent (weight/volume) of three surfactants were used in combina- 
tion with technical EPTC in a kerosene carrier. The surfactants 
used were S-145,5 a nonionic polyoxyethylene sorbitan monolaurate 
(Tween 20); S-081, an anionic amine salt of alkyl aryl sulfonic 
acid (Emcol H-86C); and S-021, a cationic mono-alky! polyoxy- 
ethylated amine (Ethomeen $/15).* The bio-assay plants, methods of 
seeding, and data recorded were as described in C. 

E. Effect of organic solvent-carriers on persistence of sotl-incorpor- 
ated EPTC in field studies. 

The greenhouse experiments showed that the persistence of soil- 
incorporated EPTC may be varied by employing different solvents. 
Therefore, field studies were conducted to compare one of the most 
persistent herbicide-carrier combinations found in the greenhouse 
studies with one of the least persistent combinations. These were 
respectively, the commercial formulation of EPTC in water and 
technical EPTC in kerosene, 

A split-split-plot experimental design with four replications was 
used. Seed beds were prepared on a well-fertilized Delanco sandy 
loam by plowing, disking, and smoothing with a Meeker harrow. 
Each whole plot for treatment was 24 x 100 feet. Subplots for 
formulation were 12 x 100 feet. 

Sub-sub-plots (A,B, C) for planting dates were 4 x 100 feet. Com- 
mercially formulated EPTC applied in water and technically pure 
EPTC applied in kerosene were used at a maximum rate of 8 Ib/A 
with a logarithmic sprayer delivering 33 gpa of solution. Imme- 
diately after application the plots were disked to a depth of 3 to 4 
in and four rows of oats were planted in sub-sub-plot A with a trac- 
tor-mounted gang planter. Overhead irrigation was used to main- 
tain optimum soil moisture conditions for plant growth at all 
times. The sub-sub-plots B and C were disked and similarly planted 
2 and 4 weeks, respectively, after herbicide treatment. Data were 
recorded 4 weeks after the planting dates and included determina- 
tion of the highest herbicide rate for each planting date which 
caused no visible injury to the oats. 


*S-numbers are inventory accession numbers, which will be used throughout 
this paper to refer to the respective surfactants. 

‘These surfactants were randomly selected from a large inventory of surface 
active materials and are kerosene-compatible representatives of the various 
ionogenic classes. The mention of commercial products or companies anywhere 
in this paper does not imply that they are endorsed or recommended by the 
U. S. Department of Agriculture over others of a similar nature not mentioned. 
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RESULTS AND DiIsCUSSION 


A. Persistence of several carbamates in preliminary field soil-incor- 
poration studies. 

The preliminary field studies were conducted to evaluate the 
initial and residual herbicidal activity of six carbamates applied 
as pre-planting soil-incorporated treatments. A summary of the 
results (Table 1) shows that EPTC and CDEC were highly active 
as soil-incorporated treatments. The remaining herbicides were 
relatively inactive. The differential responses of the bio-assay plants 
to the herbicides are clearly shown. Ryegrass is a highly sensitive 
bio-assay plant for these herbicides. The data on the responses of 
the bio-assay plants to EPTC and CDEC (Tables 2 and 3) showed 
that EPTC was slightly more persistent than CDEC, based on the 
response of ryegrass. Effective rates of both of these herbicides per- 
sisted for more than 4 weeks. 


Table 1. Summary of phototoxicity indexes of all herbicides as an average for 
all rates in each method of treatment for each crop in preliminary field 
soil-incorporation studies using the logarithmic sprayer. 1958. 


Treatment® 
Crop* method 


| Average phytotoxicity indexes* for all rates 


> | CDEC | CIpc | MIPC | BCPC | CEPC 


Mustard greens Pre-e | 48 | 62 58 80 98 
Pre-pl | 78 86 109 58 80 
Pre-pl | a4 100 150 96 98 


Snap-beans Pre-e | 97 72 ~ 91 94 
Pre-pl | 81 90 113 80 87 
Pre-pl | | 92 138 96 96 

Lettuce Pre-e 44 98 100 
Pre-pl 2 72 89 81 
Pre-pl 90 14 91 

Cucumbers Pre-e 10 a 11 
Pre-pl | | 71 93 
Pre-pl 93 104 87 

Ryegrass Pre-e 0 0 


Pre-pl | 10 108 
Pre-pl | 23 93 


*Mustard greens—Frassica juncea var. Southern Giant Curled. 

Snapbeans— Phaseolus vulgaris var. Tendergreen. 

Lettuce—Lactuca sativa var. Great Lakes. 

Cucumbers—Cucumis sativus var. National Pickling 

Ryegrass—I olium multiflorum var. Domestic Annual. 

>Cumulative temperature record °Hr Fo/1000 for 2 wk=25.9, 4 wk=48.1 
Average of height and injury ratings: 100=normal, 0=compilete kill 


The extended period of persistence of soil-incorporated EPTC 
and the lack of persistence of similarly applied CIPC, previously 
reported (9), are in sharp contrast to the high herbicidal activity 
and limited period of persistence of both of these herbicides in pre- 
emergence applications. The studies reported herein emphasize the 
need for more intensive investigations on the effects of climatic 
factors, soil composition, and constituents of formulation on the 
performance and persistence of soil-incorporated herbicides. 
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Table 2. Effect of surface pre-emergence and soil-incorporated pre-planting 
applications of EPTC on several crops in preliminary field incorporation 
studies using the logarithmic sprayer. 1958. 


Phytotoxicity indexes* 


Treatment | ma 
method | EPTC Ib/A 
0 2 4 

Mustard greens. . . Pre-e 100 62 51 
Pre-pl 2 wk 100 | 57 40 


Pre-pl 4 wk 100 63 | 29 


Snap-beans Pre-e 100 87 
Pre-pl 2 wk 100 76 
Pre-pl 4 wk 100 


Lettuce Pre-e | 100 
Pre-pl 2 wk 100 
Pre-pl 4 wk 100 


Cucumbers Pre-e 100 
Pre-pl 2wk | 100 
Pre-pl 2 wk 100 


Ryegrass Pre-e 100 
Pre-pl 2 wk 100 
Pre-pl 4 wk 100 


*Average of height and injury ratings: 100=normal and 0=complete kill 


Table 3. Effect of surface pre-emergence and soil-incorporated pre-planting 
applications of CDEC on several crops in preliminary field incorporation 
studies using the logarithmic sprayer. 1958. 


Phytotoxicity indexes* 
Crop Treatment 
method CDEC Ib/A 
0 1 4 
Mustard greens Pre-e 100 97 
Pre-pl 100 
Pre-pl 100 85 
Snap-beans Pre-e 100 } 107 


Pre-pl 100 5 
Pre-pl 100 95 


Lettuce Pre-e 100 95 
Pre-pl 100 96 
Pre-pl 100 79 

Cucumbers Pre-e 100 103 
Pre-pl 2 wk 100 55 62 
Pre-pl 4 wk 100 94 91 

Ryegrass Pre-e 100 0 0 0 
Pre-pl 2 wk 100 50 0 0 
Pre-pl 4 wk 100 | 48 35 32 


*Average of height and injury ratings: 100=normal and 0=complete kill. 


B. Effects of soil composition and method of irrigation on persistence 
of soil-incorporated EPTC. 

Striking differences in the persistence of pre-planting soil-incor- 
porated applications of a commercial formulation of EPTC were 
evident between soils of low and high organic-matter content and 
between top- and sub-irrigated treatments (Figure 1). EPTC was 
more persistent in the soil of higher organic matter content. Top 
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Figure 1. Duration of EPTC persistence as influenced by soil composition, 
method of irrigation, and rate of application. Duration in weeks of EPTC 
activity on ryegrass indicated by figure at top of each bar. Height of bars 
determined by accumulated temperatures during the persistence periods. 


irrigation greatly hastened dissipation of EPTC in the heavy soil 
but did not materially change the rate of dissipation in the light 
soil. Differential aeration in the two methods of irrigation may have 
affected dissipation through oxidative mechanisms. Another possi- 
ble explanation may be that physical movement of the chemical 
occurred 

Obvious interactions between the methods of irrigation, soil com- 
position, and rate of chemical application on persistence of soil- 
incorporated EPTC occurred. Whether persistence was a function 
of temperature or of time could not be ascertained under the con- 
ditions of this study. 


C. Effect of organic solvent-carriers on the persistence of soil-incor- 
porated EPTC. 

In Solvent Study I the rates of dissipation of EPTC after soil- 
incorporation of the commercial formulation applied in water and 
technical EPTC applied in acetone, benzene, and xylene were slow 
(Figures 2 and 3). By contrast, soil-incorporated technical EPTC 
applied in No. 2 fuel oil and in kerosene dissipated rapidly. These 
data suggest the possibility of abbreviating or extending the period 
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Figure 2. Effect of organic solvent carriers on the persistence of soil-incorpo 
rated EPTC on a soil of low organic-matter content. Activity of rates of appli- 
cation of EPTC on weekly plantings of oats shown as growth inhibition of 6 
weekly periods. Time of bioassay in weeks following treatment date is shown 


on base lines. 
? 


Figure 3. Representative flats showing comparative persistence of 4% Ib/A of 
EPTC applied in 6 solvents. Oat plantings, front to back, in each flat, made 
immediately, 1, and 2 weeks after chemical incorporation. A. Commercial 
formulation in water; B. Technical EPTC in acetone; C. Technical EPT( 
in kerosene; D. Technical EPTC in benzene; E. Technical EPTC in xylene; 
F. Technical EPTC in fuel oil. 
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of persistence of soil-incorporated EPTC by selecting the correct 
organic solvent-carrier. Results were confirmed in Solvent Study II. 

The data indicate that fixation and/or chemical breakdown of 
EPTC occurred most rapidly when kerosene was used as the carrier. 
Samples of treated soil that no longer showed EPTC activity, on 
the basis of oat bio-assays, were extracted with acetone, and the 
resulting solutions were bio-assayed for EPTC by germinating 
cucumber seed in petri dishes as previously described for CIPC (7). 
Failure to detect any EPTC activity suggested that the EPTC 
either had been fixed so firmly on the soil that it was not released 
by the acetone or had been dissipated. 

Further preliminary probing studies, in which the petri-dish 
cucumber bio-assay technique was employed to measure the herbi- 
cidal activity of EPTC, were conducted. EPTC was applied to heat- 
sterilized Delanco sandy loam, Codorus slit loam, and potting soil. 
Organic matter contents of these soils were low, intermediate, and 
high, respectively. The activity of a given rate of EPTC was found 
to be negatively correlated with organic matter content, indicating 
that physical fixation may influence EPTC persistence. 

D. Effects of surfactants on the persistence of soil-incorporated 
EPTC. 

Among common treatments the dissipation of EPTC in the Sur- 
factant Study was more rapid than in either of the two solvent 
studies. The weight data for treatments involving the commercial 
formulation applied in water and technical EPTC in kerosene in 
Solvent Study I and the Surfactant Study were analyzed statistically. 
Weight differences found among plants of the fourth planting in 
the two experiments represented highly significant increases in the 
rate of EPTC dissipation in the Surfactant Study. These increases 
were restricted to the 4- and 1-lb/A rates of EPTC applied as the 
commercial formulation in water. Similar increased rates of dissipa- 
tion were not detected among plants of the third planting or at 
other rates of EPTC application in either water or kerosene. 

The weekly integrated temperature accumulations (°Hr F,)) 
during the first 4 weeks (Figure 4) show that air and soil tempera- 
tures were considerably higher in the Surfactant Study than in the 
solvent studies. Similarities of results in the two solvent studies 
correlate better with soil temperatures. The logical conclusion 
appears to be that soil temperature may influence the persistence 
of EPTC in certain solvents. 

The commercial formulation of EPTC contains the herbicide 
dissolved in kerosene and sufficient surfactant to insure emulsifica- 
tion in water. The solvent studies demonstrated pronounced differ- 
ences in persistence of commercial EPTC applied in water and 
technical EPTC in certain organic solvents. The Surfactant Study 
included solvent-formulation treatments in which one could differ- 
entiate possible effects of surfactants and of small amounts of organ- 
ic solvent. Also included were a factorial series of three surfactants 
at three concentrations in the technical-kerosene system used pre- 
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Figure 4. Integrated soil and air temperature during the first 4 weeks of 
three greenhouse experiments. 


viously. In order to apply the water series containing technical 
EPTC and kerosene in the same proportions as in the commercial 
formulation, continuous and vigorous agitation was necessary. 

Experimental differences due to surfactants were most pronounced 
in data of the third planting, 2 weeks after treatment. The weight 
data of this planting were subjected to statistical analysis. 

A preliminary analysis of variance showed that all significant 
treatment differences were restricted to the three highest rates of 
EPTC application. At lower rates the herbicide had completely 
dissipated by the time of the third planting. Among the compara- 
tive treatments of the two EPTC formulations, i.e. commercial and 
technical, in the two solvent systems (Table 4), no differences due 
to formulation were evident in the water systems. In the kerosene 
solvent, dissipation of both formulations was greatly increased 
over the corresponding water treatments. Weight increases were 
significant for the commercial formulation and highly significant 
for the technical. At the 1-lb/A rate in kerosene the technical for- 
mulation of EPTC had completely dissipated but the commercial 
formulation had not. Under the conditions of this experiment, 
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Table 4. Effects of formulation-solvent mixtures on the residual activity of EPTC 
applied to a composted greenhouse soil mixture. Mean weights of plants grown 
on treated soil as percent of weights from untreated checks. Planting date: 2 


weeks after EPTC applications. 





EPT Rate of Solvent Formulation 
formulation EPTC Ib/: - means 


Water Kerosene 


Commercial. 2 4 128 
0 18 


0 


Technical | 81 


Solvent means 


then, one may conclude that the surfactant component of the com- 
mercial formulation markedly increased the persistence of EPTC 
applied in a kerosene system. It did not affect persistence of EPTC 
applied in the water system. 

Comparative evaluation of the three surfactants chosen for study 
in the technical EPTC-kerosene system demonstrated two principal 
effects of surfactants on the soil persistence of EPTC, namely, the 
individual surfactant and its concentration. 

Comparative plotting of the weight data (Figure 5) and associated 
statistical comparisons showed that treatments containing the ani- 
onic surfactant (S-081) did not differ from those of the no-surfactant 
check treatments. In contrast, at the l- and 2-lb/A rates of EPTC 
application, the nonionic (S-145) and cationic (S-021) surfactants 
increased the persistence of EPTC. Significant increases in persist- 
ence of both the 1- and 2-lb/A rates occurred at the 0.001- and 0.01- 
percent concentrations of the two surfactants. The highest sur- 
factant concentration, 0.1 percent, increased the persistence of only 
the i-lb/A rate of EPTC. Consequently, the total persistence of 
EPTC appears to be a complex function of amount of EPTC (rate), 
the solvent, the specific surfactant, and surfactant concentration. 


E. Effect of organic solvent-carriers on the persistence of soil-incor- 
porated EPTC in field studies. 

Field studies comparing the persistence of soil-incorporated appli- 
cations of a commercial formulation of EPTC applied in wate 
and technical EPTC applied in kerosene confirmed the greenhouse 
studies showing that the EPTC-kerosene combination dissipated 
more rapidly. Amounts of commercial EPTC applied in water which 
were without effect on the bio-assay plants on subplots A (0-week 
planting time), B (2-week planting time), and C (4-week planting 
time) were 0.031, 0.217, and 0.440 Ib/A, respectively. Corresponding 
amounts of technical EPTC in kerosene were 0.156, 0.299, and 
2.000 Ib/A. The accumulated air-temperature record showed 10.9 
and 11.4 °Hr F,/1000 for the first and second 2-week periods of 
record, respectively. 

These demonstrations of pronounced differences in EPTC per- 
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Figure 5. Response of oats to three rates of application of EPTC applied in 
kerosene containing three surfactants at three concentrations. Activity of 
EPTC-kerosene solutions alone (no surfactant) in upper left. Weight of plants 
grown on treated soils expressed as percent of weight of plants grown on 
untreated soil. Oats planted 2 weeks after EPTC applications 
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sistence on relatively large field plots have two important implica- 
tions. First, they substantiate the basic findings, obtained in green- 
house studies, that the persistence of EPTC is a function of several 
environmental and formulation factors. Second, they indicate the 
importance of persistence problems in the development of safe, 
effective methods of using soil-incorporated EPTC and other car- 
bamates. 
GENERAL Discussion 


These investigations clearly demonstrate that soil-incorporated 
carbamates differ widely in selectively and persistence, as deter- 
mined by performance. Extensive evaluation of experimental soil- 
incorporated carbamates in different solvent-surfactant systems may 
lead to greatly increased herbicidal efficiency of many old and new 
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chemicals belonging to this family. Many early evaluations of the 
carbamate series did not include soil-incorporation studies nor did 
they consider the effects of formulation factors on persistence of 
these chemicals. 

SUMMARY 

Studies were initiated in 1958 to determine the herbicidal activity 
of several soil-incorporated carbamate herbicides and to investigate 
the formulation, soil, and climatological factors involved in their 
persistence in the soil. Investigations included preliminary and 
final field studies and several greenhouse studies. 

1. Field studies of EPTC, CDEC, CIPC, BCPC, CEPC and iso- 
propyl N-(3-methylphenyl)carbamate indicated that EPTC and 
CDEC retained their herbicidal characteristics when soil-incorpo- 
rated at a logarithmic rate-range of | to 16/A. EPTC was more per- 
sistent than CDEC, on the basis of bio-assay plant responses. 

2. Ryegrass bio-assay tests in the greenhouse demonstrated that 
equivalent rates of EPTC persisted longer in soils of relatively high 
organic content and under conditions of sub-irrigation than in 
soils of relatively low organic content and under conditions of top- 
irrigation. 

3. EPTC persistence was strongly influenced by the solvent-carrier 
system used in application. The most persistent systems were com- 
mercial EPTC in water and technical EPTC in acetone, benzene, 
and xylene. Technical EPTC in kerosene was the least persistent 
and in fuel oil, intermediate, The persistence characteristics of 
commercial EPTC in water and technical EPTC in kerosene were 
confirmed in field studies. 

4. High soil temperatures appear to increase the rate of dissi- 
pation of commercial EPTC applied in water on a soil relatively 
high in organic matter. Temperature effects on rate of dissipation 
could not be detected when technical EPTC was applied in kerosene. 

5. EPTC persistence was affected by the addition of specific sur- 
factants and surfactant concentrations. Surfactant action, when 
present, resulted in increased persistence of EPTC in a kerosene 
solvent system. 

6. The implications of these results to future research and devel- 
opment of soil-incorporated herbicides are discussed. 
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Dissipation of Simazine from the Soil’ 


O. C. Burnsive, E. L. Scumipt, and R. BEHRENs? 


IMAZINE, 2-chloro-4, 6-bis (ethylamino)-s-triazine, can give excel- 

lent control of annual weeds in corn for most of the growing 
season. However, a number of workers have reported injury to 
susceptible crops the year following applications of four or five 
pounds of simazine per acre (4, 8, 10, 14). The persistence of sima- 
zine is thus of considerable importance to the user who practices 
crop rotation. The purpose of this study was to investigate factors 
involved in the dissipation of simazine from the soil. 


METHODS AND MATERIALS 


Both technical and formulated simazine (Simazine 50W)* were 
used in these experiments. The soybean (Glycine max (L.) Merr. 
var. Flambeau) bioassay procedure, used for all bioassays herein, 
has been reported in detail previously (1). The desired amount of 
simazine was mixed with 500 g of Waukegan silt loam soil and 
placed in clay pots. Six soybean plants were grown in each pot for 
30 days following planting, after which the above-ground parts of 
the plants were harvested, dried, and weighed. Reductions in plant 
weight were proportional to simazine concentration in the soil. 
Most bioassays were conducted in a growth chamber where the 
temperature was about 73° F. during an 18 hour exposure to 800 
footcandle light intensity, and 68° F. during the 6 dark hours of 
each 24 hour cycle. A few bioassays were completed in a greenhouse 
at a temperature of about 75° F. Plant materials harvested were 
dried at 212° F. for three days before weighing. All soil weights 
were calculated on an oven-dry basis. The analyses of the soils 
used by procedures reported previously (1) are given in Table 1. 
A randomized block experimental design was used throughout the 
study. 

Leaching of simazine was carried out in the field, and the resi- 
dual simazine at different soil depths was determined by bioassay. 
Each 40 by 45 inch field plot was surrounded by a 6-inch metal 
strip driven 4 inches into the soil. The simazine was applied in 
80 gpa of water with a small plot sprayer designed by Robinson 
and Dunham (7). Water (0, 1, and 2 inches) was applied with a 
sprinkling can in \4-inch increments with a one-hour interval 
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of Minnesota, Minneapolis, Minnesota. Paper No. 4479, Scientific Journal Series, 
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Bacteriology, Univ. of Minnesota; and Associate Professor, Dept. of Agronomy 
and Plant Genetics, Univ. of Minnesota. 
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Table 1. Analyses of the soils used in this study. 


Organic | Cation Sz Silt 

matter exchange % % 

% | capacity* 2-0.05 mm 0.05-0.002 
mm 


| 4.0 16.8 19.4 52.0 


Waukegan silt loam ' 
2.9 13.6 19.6 54.8 


Waukegan silt loamt 


| Available P | Exchange- | Moisture Moisture 

| % below | Ib/A able K % at % at 

| 0.002 mm Ib/A 4 atm. 15 atm. 
Waukegan silt loam. _| 28.6 180 480 
Waukegan silt loamt 25.6 | — | | 

| 


| | j 


9.6 


*Cation exchange capacity is expressed in millequivalents per 100 grams of oven-dry soil 
TThis soil was treated with 12 pounds of simazine per acre one and two years prior to the col- 
lection date. 


between applications. After the water was applied rainfall was 
excluded for 7 days with a plastic cover, and then samples of 500 
gm each were taken at the 0-14-, 4-1-, 1-3, and 3-6-inch soil depths. 

Bioassays were used in an attempt to study the uptake of sima- 
zine by plants. A Waukegan silt loam soil was treated with 0, 1, 2, 
4 and 8 ppmw of simazine in the greenhouse. Soybeans were grown 
for 30 days, then their top growth was removed, dried, weighed, 
and discarded. After an 11 or 12-day period the soil was thoroughly 
mixed, returned to the same pot, and another planting of soybeans 
was grown in this manner. 

The deactivation of simazine under various temperature and 
pH conditions was studied by subjecting flasks containing 300 ml 
of 200 ppmw of simazine suspensions (buffered at pH 4, 6, and 8 
with MclIlvaine’s standard buffer solutions) to 68, 104, 176, 212, 
and 248° F. for 24 hours. A water bath was used to maintain tem- 
peratures of 68, 104, 140, and 176° F. and an autoclave was used 
to obtain 212 and 248° F. Following these exposures five ml ali- 
quots of these suspensions were mixed with Waukegan silt loam 
soil and bioassayed to determine the degree of deactivation. 

The possible loss of simazine phototoxicity by volatilization was 
studied. Simazine suspensions, buffered at pH 4 and pH 8, were 
placed in a boiling water bath for 24 hours. Vapors given off the 
suspensions were passed through a water trap and a column con- 
taining 100 grams of Waukegan silt loam soil to absorb any sima- 
zine in the vapors. A stream of air passing through this apparatus 
carried the vapors through the soil column. The soil in each 
column was then mixed with an additional 400 gm of Waukegan 
silt loam and bioassayed to detect simazine adsorbed from the 
vapors. Samples of an unheated simazine suspension, the simazine 
suspension that had been heated, and the condensate in the water 
traps of each simazine suspension at pH 4 were added to soil and 
bioassayed also. 

The influence of simazine on total microbial activity was meas- 
ured by determining carbon dioxide evolution of 100 gm samples 
of Waukegan silt loam soil treated with 0, 8, 64, or 4096 ppmw 
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of technical simazine. The soil was moistened to field capacity and 
incubated for 30 days at 85° F. while attached to a carbon dioxide 
absorption apparatus (9). 

The influence of simazine on nitrification *:: soil was studied 
using Waukegan silt loam soil leached free of nitrates. Three repli- 
cations of 0, 8, 64, and 4096 ppmw of formulated simazine were 
mixed with 50 gram soil samples. The amount of nitrate produced 
during 45 days incubation at field capacity and 86° F. was measured 
by the phenoldisulfonic acid procedure (5). 

The role of microorganisms in the inactivation of simazine was 
studied by comparing the persistence of simazine in sterile and 
non-sterile Waukegan silt loam soil. Soil was sterilized in two-quart 
jars by autoclaving at 253° F. for three hours. This treatment was 
repeated after a two-week interval. Simazine sterilized separately 
in methyl alcohol was added at the rate of 4 ppmw to the sterilized 
and non-sterilized soil. Beginning in September, 1958, and at 30-day 
intervals following, sterile and non-sterile soils were bioassayed for 
residual simazine. Preliminary investigations indicated that steri- 
lizing simazine with methyl alcohol and autoclaving soil to be used 
did not influence the results of the bioassay. 

Soil microorganisms capable of degrading simazine were sought 
by plating a simazine-treated soil sample that had been incubated 
at field capacity for six months at 85° F. The medium used con- 
sisted of 0.2 gm of K,HPO,, 0.1 gm of KH,PO,, 0.1 gm of MgSO,, 
0.005 gm of FeSO,, 15 gm of agar, and two drops of polyethylene 
sorbitan monooleate (Tween 80) per liter of deionized water. After 
sterilizing the medium, methyl alcohol sterilized simazine was 
added aseptically to give a 400 ppmw simazine suspension. 

Five isolates that survived repeated transfers of this medium were 
selected to inoculate a liquid medium of the mineral composition 
listed above plus 1.5 gm ammonium sulfate and two drops of 
Tween 80 per liter. After 15 days and again at the end of 30 days 
of shaken incubation, duplicate aliquots from each culture treat- 
ment were bioassayed. 


RESULTS AND DISCUSSION 


Leaching of simazine in soil. 

There was a significantly greater concentration of simazine in 
the 0-14- and 1%-l-inch than in the 1-3 and 3-6-inch soil depths. 
When | inch of water was applied following an application of 2 
pounds of simazine per acre, 4, 2, 1, and 0 ppmw of simazine were 
found with bioassays at the 0-14- 14-1-, 1-3-, and 3-6-inch soil depths, 
respectively. When two inches of water were applied, 4, 4, 1, and 
1 ppmw of simazine were detected at the 0-14-, 4-1-, 1-3-, and 3-6- 
inch soil depths, respectively. Doubling the herbicide rate resulted 
in an increase in the amount of simazine leached into the 14-1- 
inch depth by the 1l-inch application of water. Sheets (11) has report- 
ed similar results on the leaching of simazine. While the rate of 
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leaching was not rapid, it would be a contributing factor in the 
dispersion of simazine in the soil. 


Plant uptake of simazine. 

Table 2 illustrates the reduction of simazine toxicity when suc- 
cessive plantings of soybeans were grown on the same soil. When 
the third crop was grown the | ppmw simazine concentration no 
longer inhibited soybean growth. Decreased growth inhibition was 


Table 2. Top growth yields of soybeans, expressed as percentage of the check, 
when three successive crops were grown on simazine-treated Waukegan silt 
loam soil. 


Soybean yields, percentage of check 


Thirty-day cropping | Simazine ppmw 
period — . . es Ee . 


Ist crop 
2nd crop 
3rd crop 


evident with each successive 30-day crop grown on soil treated 
with 2 and 4 ppmw of simazine, also. This trend was less pro- 
nounced when 8 ppmw of simazine was used. Laboratory studies 
show no microbial breakdown of simazine during the first four 
months of incubation in soil. Also, Davis et al. (2,3) using radio- 


isotope techniques obtained evidence of plant uptake of simazine, 
and showed that uptake by plants continued for a considerable 
period of time. On the basis of such results, it appears that the 
reduced phytotoxicity after repeated croppings, observed in this 
study, is due to plant uptake of simazine since the soybean plants 
were discarded after each 30-day cropping period. 


Influence of temperature and pH on simazine phytotoxicity. 

A detoxification of simazine was noted in attempts to sterilize 
media containing simazine by autoclaving. This indicated the possi- 
bility of loss of simazine phytotoxicity from the soil at higher soil 
temperatures. High temperatures (212 and 248° F.) and low pH 
(pH 4) partially detoxified simazine in water suspensions. Bioas- 
says indicated significant losses of 25 to 75 percent of the simazine 
at aforementioned temperatures and pH levels (Table 3). Temper- 
ature appeared to be the most important factor though pH had 
an effect, since simazine suspensions buffered at pH 4 were detoxi- 
fied to a greater extent than were suspensions buffered at pH 6 
and 8. Tests in this study indicated that there is little likelihood 
of the loss of simazine phytotoxicity from soil at normal soil temper- 
atures. 

Volatilization of simazine. 

The reason for the loss of phytotoxicity in the previous experi- 
ment could not be determined in that test. However, results of 
this experiment indicate that the loss of phytotoxicity of simazine 
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Table 3. Simazine concentrations remaining in water suspensions after a 24- 
hour exposure to various pH and temperature levels. An aliquot of the 
original suspension equivalent to 2 ppmw of simazine was bioassayed. 


Simazine, ppmw 
Temperature in °F. 


_ 
or 
Sal 
—_ 
— 


pH 6 


68 
104 
140 
176 
212 
248 


NmMNMNh 


NNNNN 
esoeeee 


*Numbers followed by the same letter do not differ significantly at the 5 per cent level using 
Duncan’s multiple range tests (13). 


in suspension, exposed to high temperatures and low pH, may be 
due to deactivation rather than volatilization. Soybeans grown in 
soil exposed to vapors arising from boiling simazine suspensions 
were not inhibited, even though a considerable amount of the 
simazine was detoxified (Table 4). Similarly, bioassays indicated 
essentially no simazine in 20 ml of condensate given off by boiling 
simazine suspensions. On the other hand, Davis et al. (2) found that 
50 percent of the simazine placed on a metal surface and subjected 


Table 4. Phytotoxicity of heated simazine suspensions and vapors from heated 
suspensions as indicated by bioassay. 


Material used in bioassay pH of simazine Simazine 
suspension ppmw 


5 ml sample of unheated suspension. 
5 ml] sample of heated suspension . 
Soil exposed to vapors from heated suspension 
Water exposed to vapors from heated suspension 
5 ml sample of unheated suspension 

5 ml sample of heated suspension ; 

Soil exposed to vapors from heated suspension 


*Numbers followed by the same letter do not differ significantly at the 5 per cent level using 
Duncan's multiple range tests. 


to 160 to 165° F. for a two-month period volatilized. Smaller per- 
centages of simazine volatilized at lower temperatures, less volatil- 
ized from sand than metal, and even less volatilized from clay than 
sand. However, it seems that volatilization would not be a major 
factor in the loss of simazine from soil at temperatures normally 
found in the field. 

Influence of simazine on microbial activity. 

Carbon dioxide evolution over a 30-day period was utilized to 
determine whether simazine influenced the over-all activity of soil 
microorganisms. Simazine had no significant effect on carbon diox- 
ide evolution from soil samples even though application rates up 
to 4096 ppmw were used (Table 5). This indicated that microbial 
activity in soils was not markedly inhibited or stimulated by sima- 
zine. The possibility existed that microorganisms might require 
more than a 30-day period to adapt to a simazine substrate. There- 
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Table 5. Carbon dioxide evolution from 100 grams of Waukegan silt loam soil 
treated with various rates of technical simazine. 


| Milligrams of carbon evolved as carbon 
| dioxide in a 30-day period 


Simazine 7 | 
ppmw No prior | Prior 
simazine treatment | simazine treatmeni * 


0 32.3 a** 38.9 b 
x : 33.1 a 38.2 b 
64 32.34 40.0 b 
4096 31.3a 36.0 b 


*This soil was treated with 12 pounds of simazine per acre one and two years prior to the collec- 
tion date. Also, it contained 1.1 per cent more organic matter than the soil which received no prior 
simazine treatment (Table 1) 

**Numbers followed by the same letter do not differ significantly at the 5 per cent level using 
Duncan’s multiple range tests 


fore, soil was collected from field plots treated with 12 pounds of 
simazine per acre one and two years prior to the collection date. 
Again simazine treatments had no appreciable effect on carbon 
dioxide evolution (Table 5). 


Influence of simazine on nitrate formation. 

Whereas carbon dioxide evolution is an index of the activity of 
the general soil microflora, the formation of nitrate reflects the 
activity of the specific nitrifying segment of the population. The 
nitrifying microilora is usually considered (12,6) to be more sensi- 
tive to herbicides than is the general soil population. Nitrate for- 
mation in the Waukegan silt loam soil, however, was not impaired 
even by large applications of simazine. The control soil formed 
43.2 micrograms of nitrate nitrogen per gram of soil, while sima- 
zine treatments at 8, 64, and 4096 ppmw resulted in 35.1, 39.4, 
and 45.9 micrograms per gm, respectively. Therefore, it appears 
that simazine has little influence on the soil microflora. 


Microbial deactivation of simazine in soil. 

Deactivation of simazine occurred in non-sterile Waukegan silt 
loam soil incubated in the greenhouse with most of the deactiva- 
tion occurring after the fourth month (Table 6). This might mean 
an adaption period was required by microorganisms involved. Sterile 
soil was available for only the first six bioassays because of contam- 
ination losses. Simazine in soil incubated outside was not deacti- 
vated from October through April, when temperatures were low, 
but from May through July, when temperatures were higher, the 
rate of simazine deactivation became quite rapid. It seems evident 
on the basis of the sterile versus non-sterile soil and the greenhouse 
versus outside incubation (i.e., temperature differential) compari- 
sons that soil microorganisms do deactivate simazine. However, 
simazine is less available as a substrate in soil than many herbicides 
and its inactivation by soil microorganisms is relatively slow. 


Simazine inactivation by cultures isolated from soil. 
The five isolates obtained from soil that had been treated with 
simazine included 2 fungi, Penicillium purpurogenum (series) Stoll., 
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Table 6. Simazine concentrations, as determined by bioassays, following incor- 
poration of 4 ppmw in sterile and non-sterile Waukegan silt loam at field 
capacity for varying periods. 


Simazine, ppmw 

30-day incubation periods = " 7 

Sterile soil Non-sterile soil | Non-sterile soil 
85° F. » 


85° F outdoors 
Beginning a*® 
October a 
November a 
December a 
net A 
‘ebruary " 
March 
April 
May 
June 
July 


ee ee 


~ananananan 


—— eee enn he 


4 


0.4 





*Numbers followed by the same letter do not differ significantly at the 5 per cent level using 
Duncan’s multiple range tests. 


and Aspergillus ustus (group) (Bain.) Thom and Church, and 3 
actinomycetes, all identified as Streptomyces sp. Inoculation of these 
cultures into liquid medium with simazine as the carbon source 
and ammonium sulfate as the nitrogen source gave the results listed 
in Table 7. Although each of the cultures survived five serial trans- 
fers in simazine medium and grew moderately well in simazine solu- 
tion, it is clear that none inactivated the simazine during the 30- 
day incubation period. It is likely that the demands for cell synthe- 
sis were too low to result in measurable inactivation of simazine 
within the test period. 


Table 7. Concentrations of simazine in ppmw remaining in solution cultures 
after incubation at 77° F. in the presence of each of five microorganisms. 


Incubation period on the shaker 
Microorganism 
15 davs 30 days 


Penicillium purpurogenum (series) Stoll 

Aspergillus ustus (group) (Bain.) Thom and Church 
Streptomyces sp 

Streptomyces sp 

None 

None (not shaken 


4.0 a® 3.9 3 
4.0 : 4.0; 
4.0 ; 3.9 « 
4.9 5 403% 
4.0 4.0% 
4.0; 4.0 ¢ 


*Numbers followed by the same letter do not differ significantly at the 5 per cent level using 
Duncan’s multiple range tests 


SUMMARY 


Methods whereby simazine may be dissipated from the soil were 
studied. 

Simazine was leached into Waukegan silt loam by percolating 
water, indicating this could be a factor in simazine dispersion into 
the soil. The depth to which simazine moved was not great but it 
increased with the amount of water applied. 

Repeated croppings of soybeans in simazine-containing soil result- 
ed in reduced phytotoxicity. 
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High temperatures (212° and 248° F.) and to a lesser extent 
low pH (pH 4) caused a significant deactivation of simazine in 
water suspensions. However, the very high temperatures necessary 
for this deactivation indicate that temperature would not be a 
significant factor in simazine deactivation in the field. Loss of sima- 
zine by volatilization was not detectable even when simazine sus- 
pensions were boiled. 

Applications of simazine used for selective weed control or even 
soil sterilization did not adversely affect the nitrification process 
or the over-all microbial activity in Waukegan silt loam soil. 

Deactivation of simazine occurred under conditions conducive 
to microorganism growth, but the rate of breakdown was fairly 
slow. The phytotoxicity of 4 ppmw of simazine in non-sterile Wau- 
kegan silt loam soil at field capacity was reduced 90 per cent dur- 
ing 10 months of incubation at 85° F. No deactivation of simazine 
occurred in sterile or frozen soil. 

Five microorganisms that were able to subsist for three months 
in media containing simazine as the sole source of nitrogen and 
nearly sole source of carbon were isolated and identified. How- 
ever, these microorganisms did not deactivate simazine in solution 
cultures during a 30-day incubation period. 
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Studies in the Life History of Artemisia absinthium' 
G. W. Secieck? and R. T. CoupLanp*® 


i H wormwood (Artemisia absinthium L.), a perennial, native 
to Europe (3), has become abundant during the last decade 
in several locations in western Canada. Reports received during 
the Saskatchewan Weed Survey* suggest that at least some of the 
introductions into this area were by immigrants from Europe, who 
believe it to have medicinal properties. Silver-grey in color and cov- 
ered with fine hairs, the herbaceous stem grows to a height of 2 
to 4 ft, often branching profusely. The leaves are up to 5 in. long 
and are two to three times divided into lanceolate segments. 
Numerous, drooping heads, about 3/16 in. in diameter, develop 
in leafy panicles. Yellow or purple florets are borne on a hairy base. 
The whole plant has a strong, penetrating odor, common in other 
species of this genus. In Europe it is used as a stimulant (tea and 
liquor) (1). 

The first report of the weedy nature of this species in western 
Canada resulted from the discovery (by S. Zilke) in 1954 of seri- 
ous infestations along fences and roadsides, in pastures, and in farm- 
yards in the Luseland-Denzil and Kealy Springs areas of Saskatch- 
ewan (2). In 1956 extensive infestations were found in the Pen- 
zance-Dilke region of Saskatchewan and in parts of Manitoba (2). 
Small infestations have since been located by the authors in a 
score of locations throughout Saskatchewan (one being beyond 
the northern edge of agricultural settlement), and the weed has 
been observed in Alberta and the Dakotas. One of the infestations 
in Manitoba occurs along roadsides for 65 miles, while in each 
of two Saskatchewan regions the weed has spread throughout an 
area approaching 100 square miles. While the most dense and 
extensive stands occupy pastures, cultivated fields are frequently 
invaded from the vigorous stands along roadsides and fence lines 
(Figure 1). 

In addition to reducing pasture and crop yields, absinth is con- 
sidered of economic significance because consumption by cattle 
has resulted in tainted dairy products and grain from infested 
fields has been rejected for commercial sale because of the danger 
of tainting flour. The objectionable odor has caused illness of 
persons working in infested fields (2). 

The purpose of this paper is to report on some aspects of the 
behavior of the species under representative environments in Sas- 
katchewan, where life history studies have been conducted dur- 
ing four growing seasons. 

‘Received for publication November 8, 1960. Contribution No. 293 from the 


Department of Plant Ecology, University of Saskatchewan. 
*Formerly Asst. Professor; present address, Monsanto Chemical Co., St. Louis, 
Mo. 
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‘Coupland, R. T., et al. Survey of the abundance and distribution of per- 


sistent perennial weeds in Saskatchewan. Unpubl. report. 1955. 
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Figure 1. Absinth wormwood infesting a roadside near Denzil, Saskatchewan 
(August, 1958). 


METHOLS AND PROCEDURES 


Studies were initiated in 1956 habitats in three regions within 
the dark-brown soil zone, ir, which the texture of surface soil 
ranged from loam to clay }oam and land use varied from culti- 
vated land to native pasiure. Information concerning phenology 
and development was obtained by detailed observation. Vigor and 
competitive ability were measured annually in terms of rate of 


spread along 16 marked, 0.5 m wide belt transects (nearly two 
miles in total length) and changes in density within 638 perma- 
nent 0.5 sq m quadrats along these transects. Infestations were 
considered to be continuous when gaps between plants in the 0.5 m 
belt did not exceed 3 ft. 

The study began in the last year of a moist period (1950-56) in 
which annual precipitation in this region averaged 20 percent 
above the long-term mean (15 in.), but the last three years were 
drier than average by approximately 15 percent. 


RESULTS 
Establishment and growth. 

Natural colonization occurs entirely from seed. The seed ger- 
minates from mid-summer until autumn, and a rosette develops. 
The rosette (shoot) resumes growth in the early spring, reaching 
a height of 1 to 2 in. by May | and 8 to 10 in. by June 1. One or 
more flowerstalks are produced by each vigorous shoot about mid- 
July and seed is mature by late August. The crown of an established 
plant is as large as 4 in. in diameter, with several shoots occupy- 
ing an area of soil surface up to 8 in. in diameter. Such a plant 
has as many as 23 flowerstalks ranging from | to 5 ft high and 
shading an area 4 ft in diameter. Although roots produce shallow 
lateral branches from below the crown, there is no evidence of 
vegetative reproduction from them. Nevertheless, infestations in 
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cultivated fields are sometimes extended by transport of cuttings of 
underground parts by tillage implements. 

The tap root occasionally reaches 2 in. in diameter, with lateral 
branches extending 6 ft in all directions. Tillage with a moldboard 
plow sometimes fails to sever such a well-developed, tough root 
system. 

Disturbed areas with lack of competition from other plants 
provide conditions which are most favorable for germination and 
establishment of seedlings. Among the situations where they are 
most commonly found are bare soil in overgrazed pastures, in soil 
disturbed by rodents, where native grassland has been disturbed 
by piles of manure, soil or hay, in sparse stands of seeded crops 
of perennial grass or grain, in land abandoned from cultivation, 
and in farmyards where trampling and other disturbances have 
disrupted the native plant cover. 

The occurrence of seedlings among established plants of other 
species has been observed. They occasionally occur in grain crops 
in autumn, and are most abundant where the crop is thin. The 
weed was found at one site to be growing vigorously within a 
plantation of trees which provided an estimated 60 percent crown 
cover. While seedlings were found in a stand of ungrazed uplant 
native grass (Stipa comata), they did not survive this high degree 
of competition. In ravines, however, absinth seedlings survived 
in relatively moist positions and infestations advanced by means of 
seed which migrated in flowing water. 


Rate of spread. 

Annual changes in rate of spread are expressed as a percentage 
of each 0.5 m belt transect which was infested with the weed (Table 
1). These data illustrate the ability of the plant to invade areas 
which have been abandoned from cultivation, even when seeded 
to a vigorous forage grass. More surprising, however, is its abun- 
dance in native pasture lands, presumably as a result of disturb- 
ance associated mainly with grazing. 

During the study period the weed continued to advance in the 
abandoned and regrassed areas, but receded in native pastures. At 
the most northwesterly site, however, absinth infestations increased 
in all environments. These trends were interrupted temporarily 
in some sites by fluctuations in the opposite direction, presumably 
in response to weather conditions. 

The recessions in native grassland were the result of death of both 
seedlings and established plants in relatively xeric positions dur- 
ing the dry weather of 1957 to 1959. This was particularly evident 
on dry knolls, where the effects of drought were intensified by roll- 
ing topography. At one site, accumulations of salt at the soil sur- 
face caused the death of absinth along the margin of a slough, 
even though soil moisture was abundant. Drier conditions also 
resulted in a decrease in the vigor of upland plants. While flower- 
ing stems | to 2 ft high were abundant in 1956, by 1959 only 
vegetative shoots 2 to 3 in. high were produced. In adjacent, moist 
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Table 1. Percentage of soil surface infested with Artemisia absinthium, 1956-1959. 





| 
Percentage of transect Per cent 


Location | Site | Habitat Length of infested change 

| transect —, —, 1956-1959 
ft. | 1956 | 1957 | 

| 


1958 | 1959 


| 


Denzil. ......| | Moderately grazed 
native pasture 20 = 
Dilke.... : Moderately grazed | 
native pasture 21 
ea | Moderately grazed 
native pasture 
Markinch 7 | Overgrazed native | 
| pasture 51 
Kealy Springs Moderately grazed | 
| native pasture | 58 |; 40 
Denzil | Abandoned regrassed| 18 89 89 
Kealy Springs .| Abandoned regrassed| 712 84 | 56 | 81 
Kealy Springs .| | Abandoned annual | 
| | weed stage 15 100 | 100 | 100 
Denzil.... Brome grass, | | 
j seeded 1954 1010 32 70 
Denzil. . . , Brome grass, over- 
grazed | 877 43 94 
Denzil Brome grass, over- 
grazed 
Denzil - Brome grass, old 
stand 
Kealy Springs | Crested wheat grass 
Denzil | Cultivated 
Denzil } Cultivated 
Kealy Springs Cultivated 


22 


50 
90 


ravines, plants continued to grow and spread vigorously in com- 
petition with western snowberry (Symphoricarpus occidentalis). 

Moderate cultivation was effective in reducing the extent of the 
infestations (up to 80 percent) of established plants. 


Density of stands. 

Density is expressed in Table 2 as the average number of shoots 
per 0.5 sq m. Examination of these data reveals that dense stands 
occur in competition with both native and seeded grasses. Increases 


Table 2. The number of shoots of Artemisia absinthium per 0.5 m* in various 
habitats, 1956-1959. 


| Shoots per 0.5 m? Per cent 
Location | Site Habitat No. of change 
no quadrats | 1956 1957 1958 | 1959 |1956-1959 
Denzil 1 Moderately grazed 
native pasture 8 
Dilke... 5 Moderately grazed 
native pasture 8 
Dilke. . | Moderately grazed 
native pasture 
Markinch... 7 Moderately grazed 
| native pasture 
Kealy Springs} Moderately grazed 
| native pasture 
Kealy Springs Abandoned naturally 
| regrassed 
Kealy Springs Abandoned annual 
| weed stage 
Denzil Brome grass, seeded 1954 
Denzil Brome grass, overgrazed | 
Denzil | Brome grass, overgrazed 
Kealy Springs! | Crested wheat grass 
Denzil | Cultivated 
Denzil j Cultivated 
Kealy Springs} Cultivated 
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in density occurred in two of three locations at the most north- 
westerly site (Denzil) in competition with introduced grasses. Den- 
sities decreased, however, at all of the other sites. During the study 
period there was a tendency for densities to decrease proportion- 
ately more than associated decreases in area occupied. Where the 
weed increased in area, there was no consistent increase in density. 


DiscussION 

Absinth apparently needs a relatively abundant supply of mois- 
ture in order to thrive. Its sudden appearance as a weed in the 
area was probably associated with the above-average moisture con- 
ditions which prevailed during 1950 to 1956. It was not able to 
maintain this level of abundance during the dry weather of 1957 
to 1959, except at Denzil. The response of this species to climate 
may also be significant. Extensive infestations known to occur in 
Manitoba exist under a more humid climate than that of the pres- 
ent study. 

After establishment, the plant is able to withstand vigorous com- 
petition. In Europe, this ability has been related to the presence 
in the leaves of an alkaloid which has a depressing effect on neigh- 
boring plants of other species (4). 

if absinth succumbs on the upland during a succession of drought 
years, it will probably be able to survive in the moist habitats of 
depressions and sheltered slopes, thus maintaining itself for rein- 
vasions during moister weather cycles. The extent of these invasions 
will be related to the availability of disturbed soil for establishment 
of seedlings. 

In Saskatchewan, infestations of absinth have been controlled 
in various ways. Fall tillage results in elimination of seedlings, 
but intensive tillage during the subsequent year is necessary to 
kill older plants. Vigorous stands of native and introduced grasses 
will control the weed, but good management is required to pre- 
vent establishment of seedlings. 2,4-Dichlorophenoxyacetic acid has 
been effective in the eradication of the weed in forage grasses (5). 


SUMMARY 


Studies of Artemisia absinthium were made in 16 habitats in 
Saskatchewan during 1956 to 1959. Reproduction of this perennial 
is by seed. Seedlings usually fail to survive in dry situations or 
where there is vigorous competition from other plants. The in- 
creasing abundance in localized areas in the early 1950's was pre- 
sumably associated with moist weather, since it generally decreased 
in extent, density, and vigor in upland areas during subsequent 
dry weather. It continued to thrive, however, in mesic habitats. 
Control is attained by tillage, proper pasture management, or herb- 
icides. 
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A Carbon Dioxide Pressured Portable Field Sprayer’ 
D. T. Litiie* 


F Ny rsearone multiple-tanked spray apparatus has proved conven- 
ient and effective for field tests, particularly in steep and remote 
areas where more elaborate sprayers cannot operate. No hand pump- 
ing is necessary and the quickly interchangeable multiple tanks 
permit mixing and preloading of spray materials in the laboratory. 
The resultant saving of time in the field often means the difference 
between completion of a spraying experiment in | day rather than 
2 or 3, a factor that increases in importance with the remoteness 
of the research area. 

The sprayer consists of a boom, tank, and carbon dioxide clyinder 
mounted on a back-pack frame (Figure. 1). The CO, (approxi- 


ra 


Figure 1. Carbon dioxide pressured portable field sprayer adapted for use on 
small plots or areas inaccessible to lerger equipment. 


mately 5 pounds of CO,) cylinders were procured from an aircraft 
salvage firm and hydrostatically tested at 3,000 psi. The cylinders 
were equipped with safety valves and 2,400 psi blowout discs. A 


*Received for publication August 20, 1960. 
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diaphram pressure regulator with high and low pressure gages was 
equipped with standard CO, fittings for attachment to the CO, 
cylinders. The hose connecting the pressure regulator to the tank 
was fitted with a female quick-coupling of the type used on air 
pressure systems. 

The spray solution reservoirs were 500 cubic inch (2.16 gallons) 
Air Force surplus steel oxygen tanks. The 4 inch fitting was 
cut out of one end of the tanks and a % inch short nipple brazed 
in its place. A 34 inch tee was screwed on the nipple and a % inch 
plug inserted 180° from the nipple. At 3% to \% inch reducer 
was inserted 90° from the tank and a \% inch short nipple with 
the male quick-coupling inserted in the reducer. The tee and plug 
assembly was installed to enable rapid filling and washing of the 
tank. A 4 inch close nipple and male quick-coupling were installed 
on the existing 4 inch fitting at the other end of the tank. Thus, 
the pressure supply could be quickly attached to one end of the 
spray tank and the boom assembly could be quickly attached to 
the other end. 

An aluminum framework back-pack was constructed to hold the 
apparatus. The weight of the sprayer (including CO, charge but 
minus spray solution and boom assembly) was approximately 35 
pounds. 

The pressure in the CO, cylinders varied from 1,000 to 1,800 
psi, depending on the temperature, and the sprayer was operated 
at 30 psi. The operating pressure of the spray tank did not vary 
over one pound from 30 psi as long as CO, remained in the CO, 
cylinder. With this constant pressure supply and check screens in 
the boom the sprayer may be operated instantly and continuously. 
The spray solution tanks may be changed in less than 2 minutes. 
After a few seconds of sprayng to flush the boom, a different solu- 
tion may be applied. 

Field tests show that this portable spray rig is practical and 
economical. A single clyinder of CO, provided the propellant for 
spraying over 350 scrub oak bushes including over 50 tank changes 
in which the entire pressure in the spray tank was lost. 

Three CO, cylinders were filled for a total cost of $3.00. They 
can be recharged by any establishment which services CO, fire 
extinguishers. 

The actual expense of constructing this sprayer, including 9 out- 
fitted tanks and 3 CO, cylinders, but exclusive of spray boom which 
may be adapted from present equipment, was $154.00. 





Breaking Wild Oat Dormancy with Gases 
at High Pressure’ 


Orro L. HorrMaNnn? 


le a recent herbicide development program for control of wild 
oats (Avena fatua), methods of breaking the dormancy of wild 
oat seed were studied, since it is difficult to obtain seed with a high 
rate of germination. One of the theories advanced to explain seed 
dormancy is that the seed coat acts as a barrier to oxygen penetra- 
tion (4, 5). If the seed coat prevents oxygen penetration, then it 
should be possible to break dormancy by placing seed under high 
gaseous pressure to force gas through the seed coat, and then rupture 
the seed coat with a rapid release of pressure. 

Wild oat seed from the 1958 crop were put under 10,000 psi 
hydrogen or ethylene pressure.* The pressure was held for 15 
minutes and then released rapidly. Germination tests on the treated 
seeds were run in sand. Comparisons were made with “tip clipped” 
and untreated seeds. Average germination percentages from a test 
conducted two weeks after high pressure treatment were: untreated, 
4; tip clipped, 62; hydrogen at 10,000 psi, 78; ethylene at 10,000 
psi, 62. Although the use of hydrogen resulted in somewhat higher 
germination than did ethylene, the wild oats was injured somewhat 
by the hydrogen treatment as was indicated by slower germination 
and slower growth when compared to the “tip clipped” or ethylene 
treatments. 

The use of ethylene was therefore adopted in these laboratories 
as a standard practice for breaking dormancy of wild oat seed. In 
three different runs, germination of this seed lot has averaged 65% 
when treated with ethylene as described. It takes about two weeks 
before germination reaches a maximum after high pressure treat- 
ment. This lag could be interpreted as the time required for oxygen 
to function. The use of high pressure is less time consuming than 
the method of injuring the seed coat as suggested by Atwood?* and is 
more adaptable than the KNOs soaking method.* 


*Received for publication October 4, 1960. 

"Research Department, Spencer Chemical Company, Kansas City, Missouri. 

*The high pressure runs were carried out by Mr. H. K. Stryker. 

*Arwoop, W. M. A physiological study of the germination of Avena fatua. 
Bot. Gaz. 57:386-414. 1914. 

*Jounson, L. P. V. General preliminary studies on the physiology of delayed 
germination in Avena fatua. Can. J. Research (C) 13:283-300. 1935. 





Plant Population and Weed Growth Relations 
in Canning Peas’ 


G. A. Marx and D. J. HAGEDORN 


7 the course of an investigation at Madison, Wisconsin, designed 
primarily to evaluate an improved pea drill,? useful quantitative 
data were obtained relating to weed growth in three different pea 
populations, verifying the general observation that heavy rates 
of seeding help to control weeds. 

Two varieties of peas, Alaska and New Line Early Perfection 
(NLEP), were sown at three rates in randomized complete blocks 
with four replications. Table 1 shows that intended seeding rates 


Table 1. Theoretical seeding rates and actual plant stands of peas sown with 
an experimental pea drill. 








| 
Theoretical seeding rate in: | Observed 
ae _ —_—-—— | stand as per- 
Inches apart | Pounds per acre centage of 
—— paneer et — _ a theoretical 
In row Between rows; Alaska | NLEP | acre | (mean of 
| | 3 years) 


lye 7 262 288 | 606,000 88 
a1 


4 | 177 195 | 410,000 | 93 
315 109 | 120 253,500 | 108 
i | | 





expressed as: (1) inches between plants, (2) pounds of seed per 
acre, and (3) number of plants per acre. The table also gives the 
observed stand counts (mean of 3 years) expressed as a percentage 
of the theoretical populations. The data presented were obtained 
from 3’ x 3’ quadrats, two in each drill plot, so that each entry 
is a mean of 8 quadrats. At harvest time all vegetation was removed 
(flush with the soil surface) from the quadrats and the contents 
separated into 3 components: peas, broadleaved weeds, and grassy 
weeds. The weeds most commonly encountered were Canada thistle 
(Cirsium arvense (L.) Scop.), green foxtail (Setaria viridis (L.) 
Beauv.), common lambsquarters (Chenopodium album L.), rough 
pigweed (Amaranthus retroflexus L.), and Pennsylvania smartweed 
(Polygonum pennsylvanicum L.) 

Table 2 shows the green weight in grams per quadrat of the 
grassy weeds alone, and the broadleaved weeds alone. In all years 
and for both varieties the lowest weed weight was associated with 
the highest pea populations; and conversely, with but few excep- 
tions, the highest weed weight was associated with the lowest pea 
populations. Both the magnitude of the treatment differences and 
the absolute amount of weed growth were greatest in 1955, less in 
1956, and still less in 1957. 

*Received for publication November 12, 1960. Published with the approval 
of the Director of the Wisconsin Agricultural Experiment Station. Supported in 


part by funds supplied by the Wisconsin Canners Association. 
*John Dere Van Brunt XP-3 12 X 7 Experimental pea drill. 
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Table 2. Mean green weight of weeds per 3’ X 3’ quadrat in pea plots sown 
at 3 seeding rates with an experimental pea drill. 





Green weight, grams per 3’ x 3’ quadrat of 
Alaska | NLEP 


Sown, inches apart 


ive 


Sown, inches apart 





Grassy weeds 





254 408 
128 130 

s 14 
130 184 





Broadleaved weeds 





175 | 276 242 632 
101 oR 106 166 
71 151 5 ; 74 
116 175 291 





The relative weed growth in each year is seen in the last columns 
of Table 3 in which the weight of weeds is expressed as a percent- 
age of the total green weight of both peas and weeds. Although 
the average absolute weight of weeds per quadrat varied consider- 
ably from year to year, the figures converted to percentage of the 
total do not change correspondingly since the gross weight per 
quadrat also varied markedly from year to year. 

For a given year and a given variety of peas the total weight per 


quadrat remained relatively constant, and the reduction in weight 
of peas with the lower populations was largely compensated for 
by an increase in weight of weeds. It is obvious that higher seeding 
rates of peas are effective in reducing weed development. 


Table 3. Weed weight and total weight from 3’ X 3’ quadrats and weed weight 
expressed as percentage of gross weight in pea plots sown with an experimen- 
tal pea drill. 


Grams total green | Grams total green Weed weight as a per- 
Spacing of weight of weeds weight per quadrat centage of total weight 
peas in row, — - ' . 


inches Alaska NLEP Alaska NLEP Alaska NLEP 


1955 
2290 
2300 


2300 
2300 


1956 


1510 
1310 
1210 
1340 


1957 
1850 
1820 


1560 
1740 





WEEDs 





In 1957, a year of abundant moisture throughout the growing 
season, the amount of weed growth was decidedly reduced in com- 
parison with 1955 and 1956, years when moisture was deficient 
during the early part of the growing season. This would suggest 
that in 1957 the peas secured and maintained a competitive advan- 
tage even in the presence of abundant moisture. However, when 
interpreting the data, the natural weed population and the com- 
petitive relationship between the peas and weeds during the period 
immediately following planting are variables that must be taken 
into account. In this case, the possibility may be considered that in 
the drier years of 1955 and 1956, the production of weed seed was 
less, and this could be reflected in a decreased potential of weeds 
in 1957. 
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News and Notes 


The Executive Committee of the Weed Society of America has authorized 
certain changes in WEEDS, to take effect with Volume 10, No. 1, January 
1962. The size of the magazine will be changed to 814” x 11”, two columns. 
This size permits more flexible and economical placement of tables and 
figures, and thus better service to authors and readers. In order to have 
our papers abstracted more promptly, each paper will be preceded by an 
abstract prepared by the author. 

The Executive Committee has also decided to increase the dues of the 
Society. Because of the general increase in costs it is necessary to increase 
the annual dues to $8. This will become effective with the renewals for 
the year 1962. 


The following notes are from the Newsletter of the NEWCC. Other 
contributions for this section would be appreciated. 

Don Bondarenko has joined the American Cyanamid Company as herbi- 
cide specialist in the research group at their Princeton station. He was 
formerly on the staff at the Ohio State University. 

Charles Hovey has become area manager for southern New England 
in Eastern States’ Farmers’ Exchange. 

Dave Marsden has moved into Hovey’s job in Eastern States as Head 
of Agricultural Chemicals Research. 

Gordon S. Batchelor is now Technical Specialist in Research and Devel- 
opment, General Chemical Division, Allied Chemical Corp., for the North- 
east region. He was moved from the Pacific Northwest region. 

Art Huvar is now Assistant Supervisor of Agricultural Chemicals Devel- 
opment for the General Chemical Division at their Morristown Research 
Laboratory. 

Dean Linscott, Weed Investigations Section, ARS, USDA, joined the 
staff of the Department of Agronomy at Cornell on February 1, 1961. Dr. 
Linscott will devote a major portion of his time to studies on herbicide 
residues in forage crops. 

Richard J. Marrese has recently joined the Diamond Alkali Company, 
doing technical service work with herbicides. Dick is a recent graduate of 
Rutgers. 

M. W. Meadows has a new position with G.L.F. as Manager of Pesticide 
Marketing. 

Richard Schwartzbeck has recently joined the Agricultural Chemical 
Development Department of The Dow Chemical Company and is respon- 
sible for technical development in the Northeast. His headquarters are in 
Washington, D. C., and he will work primarily on vegetation control and 
plant nutrition projects. He replaces M. G. Wiltse, who recently moved 
to Midland, Michigan. 

Jack Sheets, Crop Protection Research Branch, ARS, USDA, has moved 
to Beltsville and will study the movement, persistence and degradation 
of herbicides in soils. He was formerly at the Stoneville, Mississippi, station. 

Frank B. Springer, Jr., who has done corn and soybean weed control 
work at the University of Delaware for the past three years, has become 
a member of the staff of Central Chemical Corporation with headquarters 
at Hagerstown, Maryland. Richard A. Cole will take over the corn and 
soybean work at the University of Delaware. 
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I. Economic Aspects AND GENERAL Weep PROBLEMS 


Alley, H. P., and others. Wyoming weed control recommendations, 1960 
Wyo. Agr. Expt. Sta. C. 71,16 p. Mar. 1960. 

Anderson, E. G. A national organization for weed control and some sig- 
nificant results. Noeast. Weed Control Conf. Proc. 14:7-15. Ref. 
1960. 

Arizona University, Agricultural Extension Serv. 1960 chemical weed 
control recommendations for irrigated areas. Ariz. U. Agr. Ext. B. A-I, 
Il p. Jan. 1960. 

Caviness, C. E., and Taylor, M. Effect of Johnsongrass [Sorghum hale 
pense] on soybean yields. Ark. Farm Res. 9(3):2. May/June 1960. 
Chesalin, G. A. Bor'ba s sorniakami [Weed control]. Ed. 3. Moskva, 
Gosudarstvennoe Izdatel’stvo Sel’skokhoziaistvennoi Literatury, 1959. 

133 p. 

Chkanikov, D. I. Certain data on manual labor saving in herbicide appli 
cation in sugar beet plantings. (In Russian.) Moskov. Ordena Lenina 
Sel’skokhoz. Akad. im. K. A. Timiriazeva. Dok. 47:133-138. 1959. 

Fosse, R. A. Industry's role in weed research. No. Cent. Weed Control 
Conf. Proc. 16:12-13. 1959. 

Friesen, G., and Shebeski, L. H. Economic losses caused by weed compe- 
tition in Manitoba grain fields. I. Weed species, their relative abundance 
and their effect on crop yields. Canad. J. Plant Sci. 40 (3):457-467. Ref. 
July 1960. 

Green, C. G. The Aquatic Herbicide Process for aquatic weed control 
Noeast. Weed Control Conf. Proc. 14:506-507. 1960. 

Greene, W. C. Weed control policy in Connecticut. Noeast. Weed Con 
trol Conf. Proc..14:435-438. 1960. 

Greenfield, H. R. Weed control practices by local mosquito control 
agencies. Calif. Mosquito Control Assoc. Proc. & Papers 27:54—55. 
1959. 

Kozhasov, O. The economic effectiveness of using herbicides in the pro- 
duction of grain in Akmolinsk Region. (In Russian.) Sel’sk. Khoz. 
Kazakhstana. 1960 (6):63-66. June. 

Meggitt, W. F. The influence of cultivation on corn yields when weeds 
are controlled by herbicides. Noeast. Weed Control Conf. Proc 
14:241-246. 1960. 

North Central Weed Control Conference. Proceedings (sixteenth), De 
cember 8, 9, 10, 1959. Winipeg, Manitoba. n.p., 1959. 132 p. 

Northeastern Weed Control Conference. Proceedings of the fourteenth 
annual meeting, New York City, January 6, 7, 8, 1960. New Bruns 
wick, 1960. 548 p. 

Orsenigo, J. R. Resumé of recent herbicide research on organic soil 
Fla. Everglades Expt. Sta. Mimeo Rpt. 60-18, 5 p. May 1, 1960. 

Petersen, H. I. Chemical weed control — good economy. (In Danish.) 
Tolvmandsbladet 32 (4):159-162. Apr. 1960. 

Rahn, E. M. Program for determining losses due to weeds. Noeast. Weed 
Control Conf. Proc. 14:40-41. 1960. 

Research gives the lead to weed control. So. Austral. Dept. Agr. J. 63: (11) 
465-466,469. June 1960. 

Rodgers, E. G. Effort should be made to control costly weeds. Fla 
Cattleman 24 (10):30,32. July 1960. 

Sanchez Toledo, P. Una imperiosa necesidad: bajar costos y aumentar 
rendimientos en el cultivo del algodén. Mex. Agr. 7 (76):65-66. June 
1960. 

Sylwester, E. P. Selling weed control to the farmer. No. Cent. Weed 
Control Conf. Proc. 16:3-5. 1959. 

Western Weed Conference. Research Committee. Research progress 
report, 1960. n. p., 1960. 73 p. 
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A. Classification and Identification 


Barkley, T. M. A revision of Senecio integerrimus Nuttall! and allied 
species. L. West. Bot. 9(7):97-113,maps. Aug. 17, 1960. 

Massey, A. B. The blessed thistle [Cnicus benedictus] in Virginia. Rhodora 
62 (740):233-234. Aug. 1960. 

May, M. Key to the major grasses of the Big Horn Mountains, Wyoming, 
bases on vegetative characters. Wyo. Agr. Expt. Sta. B. 371,44 p. Ref 
July 1960. 

Ornduff, R. New or notable weeds from Oregon. L. West. Bot. 9 (7):113 
114. Aug. 17, 1960. 

South Carolina. Clemson Agricultural College. Extension Serv. Weeds: 
a South Carolina handbook. Clemson Agr. Col. S. C. Ext. B. 133,rev., 
83 p. June 1960. 

Washington State University. Agricultural Extension Serv. Fifty for 
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4-H'ers. Wash. State U. Agr. Ext. Ext. Mimeo. 1985, 52 p. July 1960. 


B. Ecological Investigations and Surveys 


Andrews, S. R., and Daniels, J]. P. A survey of dwarfmistletoes in Arizona 
and New Mexico. U. S. Forest Serv. Rocky Mountain Forest & Range 
Expt. Sta. Sta. Paper 49,17 p..map. June 1960. 

Cayouette, R., and Brassard, Frére L. La presence de lherbe a la puce 
[Rhus radicans] au Saguenay. Nat. Canad. 87 (4):107-111. Apr. 1960 
Dirven, ]. G. P., Dulder, I. G. H., and Hermellin, W. (¢ rhe vegetation 
on fallow rice fields in the District of Nickerie. (In Dutch.) Surinaamse 

Landb. 8(1):1-7. 1960. 

Golubev, V. N. On the ecologo-morphological characterization of life 
forms of the herbaceous plants of the west Siberian forest-steppe. (In 
Russian.) Bot. Zhur. [Moskva] 45 (7):979-996. Ref. July 1960 

Graham, D. P. Dwarfmistletoe [Arceuthobium spp.] survey in Kaniksu 
National Forest. U. §. Forest Serv. Intermountain Forest & Range Expt 
Sta. Res. Note 74,6 p., map. May 1960. 

Graham, D. P. Dwarfmistletoe [Arceuthobium spp.] survey of Nezperce 
National Forest. U. S. Forest Serv. Intermountain Forest & Range 
Expt. Sta. Res. Note 75,7 p., map. May 1960 

Heerwagen, A. Range ecology applied to the arid lands of the South 
western United States. Wyo. Agr. Expt. Sta. B. 367:33-38. Ref. May 
1960 

Kommec ihl, T., and Tumbleson, M. E. The ecological effect of a pre 
ceding crop on smartweed [Polygonum persicaria] in flax. Minn. Acad. 
Sci. Proc. 27:118-120. 1959, pub. 1960. 

Lanuza, E. A., and others. Progress report on the survey of weeds in 
Davao abaca plantations. Philippine J. Agr. 21 (14):17-29. Ref. First 
Fourth Q. 1956, pub. 1959. 

Pergamino. Argentine Republic Estacion Experimental. La maleza en 
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Satyanarayan, Y., and Ranadive, J. P. The weed flora of North Gujerat 
cotton fields. Indian Cotton Rev. 14(2):131-136. Mar. 1960. 

Sen, D. N. Systematics and ecology of Indian plants. I. On the rainy 
season weeds of Gorakhpur. Bombay Nat. Hist. Soc. J. 57 (1):144-172, 
map. Ref. Apr. 1960. 

Wycherley, P. R. Vegetation of rubber plantations. Rubber Res. Inst. 
Malaya. J. 16(2):87-92. 1960. 

Yerkes, V. P. Occurrence of shrubs and herbaceous vegetation after 
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Forest Serv. Pacific Nowest. Forest & Range Expt. Sta. Res. Paper 34,12 
p- Apr. 1960. 
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C. Physiological Investigations 


Aaronson, S. Mode of action of 3-amino-1,2,4,-triazole on photosynthetic 
microorganisms. J. Protozool. 7 (3):289-294. Ref. Aug. 1960. 

Becker, A. Wuchsstoffschiaden, die uns zu denken geben’. Gesunde 
Pflanzen 12 (8):181-184. Aug. 1960. 

Behrens, R., and Morton, H. L. Mesquite [Prosopis glandulosa] root 
inhibition tests to study inhibitory activity, absorption and transloca- 
tion of 2,4-D and 2,4,5-T. Weeds 8 (3):427-435. Ref. July 1960. 

Bell, R. S., and Larssen, E. Experiments with the germination of nor- 
thern nutgrass [Cyperus esculentus] seed. Noeast. Weed Control Conf. 
Proc. 14:45-48. 1960. 

Biggs, R. H. Growth substances in relation to dormancy. Sunshine 
State Agr. Res. Rpt. [Fla. Sta.] 5 (3):15. July 1960. ' 

Bing, A. A comparison of some herbicides on flowering and corm yield 
of Gladiolus variety Friendship. Noeast. Weed Control Conf. Proc. 
14:148-154. 1960. 

Bémeke. Hinweise zur Hormonspritzung gegen den Fruchtfall. Obstbau- 
versring. des Alten Landes. Mitt. 15 (7):182-184. July 1960. 

Boois, H. M. De, Bottelier, H. P., and Zandee, D. I. On the different 
effect of naphthylphthalamic acid on auxin-induced growth and geo- 
tropism of decapitated Avena coleoptiles. Nederland. Akad. van We- 
tensch. Proc. Ser. C. Biol. & Med. Sci. 63 (3):375-382. 1960. 

Borner, H. Liberation of organic substances from higher plants and 
their role in the soil sickness problem. Bot. Rev. 26 (3):393-424. Ref. 
July/Sept. 1960. 

Bose, B. B. An experimental study of the optimum salinity for the 
growth of the benthic blue green alga. Oscillatoria splendia, Greville 
of brackishwater ponds. Natl. Inst. Sci. India. Proc. 26(1):19-21. Feb. 
26, 1960. 

Bose, P. C. Growth development and mineral uptake in tomato plants, 
as affected by maleic hydrazide and gibberellin. Diss. Abs. 21 (1):13-14. 
July 1960. 

Bouron, H., and Poignant, P. Echelle de sensibilité des mauvaises herbes les 
plus communes des terres de grande culture et des herbages aux prin- 
cipaux desherbants selectifs. Phytoma 12(115):9-16. Feb. 1960. 

Browman, D. L. Responses of four shrubs in western Montana to experi- 
mental conditions involved in breaking winter dormancy. Mont. Acad. 
Sci. Proc. 19:124-125. 1960. 

Burlingham, G. K. A study of the effects of 2,4~-dichlorophenoxyacetic 
acid on the growth and respiratory metabolism of tissue from the red 
kidney bean plant, and of the antagonistic effects of various uncoupling 
agents toward the growth promoting effects of the auxin substance. 
Diss. Abs. 21 (1):30. July 1960. 

Chailakhian, M. KH. Chemical stimulators of the growth and the 
flowering of plants. (In Russian.) Priroda [Moscow] 1958 (1):99-102. 
an. 

Chenin, M. Germination studies of seeds of Northern Rocky Mountain 
plants. Mont. Acad. Sci. Proc. 19:112-117. 1960. 

Comes, R. D., and Alley, H. P. Movement and persistence of endothal 
under controlled conditions. Wyo. Agr. Expt. Sta. Mimeo. C. 124:13-16. 
Jan. 1960. 

Cook, C. W., and Gates, D. H. Effects of site and season on oxalate 
content of Halogeton [glomeratus]. J. Range Mangt. 13 (2):97-101. 
Mar. 1960. 

Emsweller, S$. L., Uhring, J., and Stuart N. W. The roles of naphtha- 
lene acetamide and potassium gibberellate in overcoming self-incom- 
patibility in Lilium longiflorum. Amer. Soc. Hort. Sci. Proc. 75:720- 
725. June 1960. 

Evans, G. Seed ripening in grasses. Seed Trade Rev. 12 (5):97,99. 
1960. 

Evans L. T. 
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lium and in Poa pratensis. J. Agr. Sci. [London] 54 (3):410-416. Ref. 
June 1960. 

Gileva,.E. A. Accumulation coefficients of seven radioisotopes by three 
freshwater algae. (In Russian.) Akad. Nauk. SSSR. Dok. 132 (4):948-949. 
June 1, 1960. 

Guerrucci, N., and Rotini, O. T. Plant growth in the presence of hip 
puric acid, benzoic acid and glycocoll. (In Italian.) Ricerca Sci. 30 (6):842- 
848. Ref. June 1960. 

Gunning, B. E. S. A method for the detection of inhibition of auxin 
transport. Nature [London] 187 (4735):428-429. July 30, 1960. 

Heath, O. V. S., and Clark, J. E. Chelation in auxin action. I. A study 
of the interactions of 3-indolylacetic acid and synthetic chelating agents 
as affecting the growth of wheat roots and coleoptile sections. J. Expt. 
Bot. 11 (32):167-187. Ref. May 1960. 

Hedemann-Gade, E. Sensitivity of plant roots to light. (In Swedish.) 
Skogen [Stockholm] 47 (5):105. Mar. 4, 1960. 

Hilton, J. L. Effect of histidine on the inhibitory action of 3-amino-1,2,4- 
triazole. Weeds 8 (3):392-396. July 1960. 

Hoffman, C. E., and others. The effect of urea herbicides on photo- 
synthesis. Noeast. Weed Control Conf. Proc. 14:16-18. 1960. 

Hood, G. A., and Becker, C. F. The effects of two incorporation and 
irrigation methods upon the activity and movement of granular endo- 
thal under laboratory conditions. Wyo. Agr. Expt. Sta. Mimeo. C. 
124:17-24. Jan. 1960. 

Iinicki, R. D. The effects of 2,4-D, 4-(2,4-DB), 2-(2,4-DP), and silvex on 
wheat and spring oats. Noeast. Weed Control Conf. Proc. 14:266-267. 
1960. 

Ingle, M. Studies on the growth of Sorghum halepense under controlled 
conditions and on the physiological responses of plants to 2,2-dichloro- 
propionic acid. Diss. Abs. 21 (1):15-16. July 1960 

Isogai, Y. Studies on the growth promoting agents separated from etiolated 
bean seedling. V. Auxin fractions and addendum. Tokyo U. Col. Gen. 
Educ. Sci. Papers 10(1):73-85. June 1960. 

Jansson, G. Breaking of water-sensitivity in barley seeds by treatment 
with chemicals. Arkiv f. Kemi 15 (41):489-450. Ref. 1960. 

Kaiumov, G., and Navruzov, M. The effect of flooding depth on the 
quantity of rice weeds. (In Russian.) Sel’sk. Khoz. Tadzhikistana 
1960 (7):40-41. July. 

Kilcher, M. R., and Lawrence, T. Quality of intermediate wheatgrass 
[Agropyron intermedium] seed, with and without hulls. Canad. J. Plant 
Sci. 40 (3):482-486. July 1960. 

Koller D., and Cohen, D. Germination-regulating mechanisms in some 
desert seeds. VI. Convolvulus lanatus Vahl, Convolvulus negevensis 
Zoh. and Convolvulus secundus Desr. Israel. Res. Council B. 7D (34): 
175-180. Ref. Oct. 1959. 

Koshimizu, K., Fujita, T., and Mitsui, T. Electronic structure and plant 
growth activity of substituted I-naphthoic acid derivatives. Amer. 
Chem. Soc. J. 82 (15):4041-4044. Ref. Aug. 5, 1960. 

Krasil’nikov, N. A. Soviet gibberellin. (In Russian.) Priroda [Moscow] 
1958 (7):81-84. July. 

2. Lefevre, C. W., and Clagett, C. O. Concentration of a growth inhibitor 
from Agropyron repens (Quackgrass). Noeast. Weed Control Conf. 
Proc. 14:353-356. 1960. 

Linder, P. J., and Mitchell, J. W. Rapid transport of a-methoxyphenyl- 
acetic acid introduced directly into the water stream of bean plants. 
Bot. Gaz. 121 (3):139-142. Mar. 1960. 

Lindstrom, R. S., and Tolbert, N. E. (2-Chloroethyl)-trimethylammonium 
chloride and related compounds as plant growth substances. IV. Effect 
on Chrysanthemums and Poinsettias. Mich. Agr. Expt. Sta. Q. B. 
42 (4):917-928. May 1960. 

85. Mastalerz, J. W. Chemicals added to soil shorten greenhouse plants. 
Sci. Farmer [Pa Sta.] 7 (4):7. Spring 1960. 





WEEDs 


Mohr, H., and Pichler, I. Der Einfluss hellroter und denkelroter Strah 
lung auf die geotropische Reaktion der Keimlinge von Sinapis alba L. 
Planta 55 (1):57-66. Ref. 1960. 

Mukula, J. Effect of amitrol (weedazol) on perennial weeds. (In Finnish.) 
Finland. Maatalouden Tutkimuskeskus. Maatalous ja Koet. 14:213-218. 
1960. 

Muller, E. Die Aufnahme von Harnstoff durch Gewebe von Taraxacum 
officinale und Nymphaea alba. Flora [Jena] 148 (4):529-548. Ref 
Apr. 30, 1960. 

Ormrod, D. P., Williams, W. A., and Kay, B. L. Growth responses of 
three annual clovers to treatments with 2,4-D. I. Calif. Agr. 14(7):7-8 
July 1960. 

Ormrod, D. P., Williams, W. A., and Kay, B. L. Growth responses of 
three annual clovers to treatments with 2,4—-D. II. Calif. Agr. 14 (8):6-7 
Aug. 1960. 

Pereira, A. S. R. The biological importance of kinetin. (In Dutch.) 
Vakbl. v. Biol. 40 (6):105-118. Ref. June 1960. 

Pierce, M. E. Progress report of the effect of kuron upon the biota of 
Long Pond, Dutchess County, N. Y. Noeast. Weed Control Conf. Proc. 
14:472-475. 1960 

Pierce, M. E. A study of the effect of the weed killer, 2,4-D granular on 
three experimental plots of Long Island, Dutchess County, N. Y. Noeast. 
Weed Control Conf. Proc. 14:483-487. 1960. 

Pridham, A. M. S. Crop, weed and soil aspects of simazine, atrazine 
and other herbicides in greenhouse and field tests. Noeast. Weed Control 
Conf. Proc. 14:142-147. 1960. 

Rogler, G. A. Relation of seed dormancy of green needlegrass (Stipa 
viridula Trin.) to age and treatment. Agron. J. 52 (8):467-469. Aug. 
1960. 

Rogler, G. A. Relation of seed dormancy of Indian ricegrass (Oryzopsis 
hymenoides (Roem. & Schult) Ricker.) to age and treatment. Agron. 
J. 52 (8):470-473. Aug. 1960. 

Roth, W. Mecanismes physiologiques de resistance a des substances phy 
totoxiques; herbicides du groupe des triazines. Soc. Franc. de Physiol 
Veg. B. 5 (3):150-151. Oct. 1959. 

Stambera, J. Effects of sprayings with 2, 3, 5-triiodbenzovic acid on devel 
opment and fertility of glasshouse cucumber varieties. (In Czech.) 
Ceskoslov. Akad. Zemedel. Véd. Sborn. Rostlinna V¥roba 6 (4):483—488. 
Apr. 1960. 

Sudak, F. N., and Claff, C. L. Survival of Uca pugnax in sand, water and 
vegetation contaminated with 2,4-dichlorophenoxyacetic acid. Noeast 
Weed Control Conf. Proc. 14:508-510. 1960. 

Sudia, T. W., and Linck, A. J. The effect of gibberellic acid on water 
loss by bean plants. Minn. Acad. Sci. Proc. 27:134-138. 1959, pub. 1960 

Sund, K. A., and Little, H. N. Effect of 3-amino-1,2,4-triazole on the 
synthesis of riboflavin. Science 132 (3427):622. Sept. 2, 1960. 

Sutherland, M. L., and others. The response of soybeans to several sub- 
stituted benzoic acids. Noeast. Weed Control Conf. Proc. 14:31-39 
1960. 

I'schirley, F. H., and Martin, S. C. Germination and longevity of velvet 
mesquite [Prosopis juliflora velutina] in soil. J. Range Mangt. 
13 (2):94-97. Mar. 1960. 

Vardar, Y. Some confirmatory experiments performed with IAA-Cl4 
concerning the effect of TIBA upon auxin transport. Istanbul. U. Fen 
Fakiil. Mecmuasi (ser.B)24 (14):133-145. Ref. May 1959. 


D. Morphological and Anatomical Investigations 


Bennett, H. W. Single gene inheritance of leaf color in Paspalum. J. 
Hered. 51 (3):144-145. May/June 1960. 

Bennett, H. W., and Bashaw, E. C. An interspecific hybrid in Paspalum. 
J. Hered. 51 (2):81-85. Mar./Apr. 1960. 
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Bhatti, A. G., Endrizzi, J. E., and Reeves, R. G. Origin of Johnson grass 
[Sorghum halepense}. J. Hered. 51 (3):197-110. May/June 1960. 

Davies, D. R., and Wall, E. T. Effect of gamma radiation on interspecific 
incompatibility within the genus Brassica. Z. f. Vererblehre. 91 (1):45-51. 
Ref. 1960. 

Furrer, A. H., and Fertig, 8. N. Life history studies of horse nettle 
(Solanum carolinense). Noeast. Weed Control Conf. Proc. 14:336-342. 
1960. 

Gvozdeva, Z.V. A rare instance of female sunflowers. (In Russian.) Priroda 
[Moscow] 1958 (3):115-116. Mar. 

Lilienfedl, F. A., and Tanaka, Y. Dextrality and sinistrality in plants. 
Ill. Medicago tuberculata Willd. and M. litoralis Rohde. Japan. Acad. 
Proc. 35 (8):476-481. Oct. 1959. 

Nielsen, E. L. Cytology and fertility of small plants of Bromus inermis. 
Bot. Gaz. 121 (3):133-139. Mar. 1960. 

Okura, E., and Kono, M. Cytogenetical studies in Polygonum. I. Oka- 
yama U. Biol. J. 6(14):37-42. Mar. 1960. 

Rotini, O. T. The antimitotic action of cyanamide upon the bulbs of 
Allium cepa L. (In Italian.) Ricerca Sci. 30 (6):869-872. June 1960. 
Slepian, E. 1., and Kishkovskii, A. N. Roentgenographic method of study- 
ing leaf morphology.(In Russian.) Bot. Zhur. [Moskva] 45 (5):695-703. 

Ref. May 1960. 


E. Weed Seed Investigations 


Bellue, M. K. Weed seed handbook; descriptions and illustrations of the 
primary and secondary noxious-weeds as included in California Seed 
Law, rev. by E. A. Britton and T. C. Fuller. Calif. Dept. Agr. Spec. 
P. 275,70 p. 1959. 

Berggren, G. Seed characters of certain cultivated and wild growing 
Brassica and Sinapis species and a key for the determination of these 
species and a key for the determination of these species on seed samples. 
(In Swedish.) Sweden. Stat. Cent. Frékontanst. Meddel. 35:28-64. 1960 

Sugawara, K., and lizumi, S. The seed-populations in the surface soil 
and the dung-pads of cattle on “unmatateba.” (In Japanese.) Jap. Soc. 
Herb. Crops & Grassland Farming. J. 5 (34):144-145. Mar. 1960. 


Ill. Weep Conrrot 


A. Cultural 


Bleaksdale, J. K. A., and Roberts, H. A. The effects of different methods 
of seed-bed preparation in weed emergence. Natl. Veg. Res. Sta. Annu. 
Rpt. 1959:46-49. 1960. 

Dietz, E. F. Hoe to get a stand of bird’s-foot trefoil. Amer. Bee J. 
100 (7):277-278. July 1960. 

Gil’, A. Rolling the soil as a method of weed control. (In Russian.) 
Sel’sk. Khoz. Sibiri 1960 (7):25-26. July. 


B. Chemical 
1. Weeds in field crops 


Alley, H. P., and others. Weed control in sugar beets, progress report of 
field studies in 1959. Wyo. Agr. Expt. Sta. Mimeo. C. 124:1-12. Jan. 
1960. 

Al'tergot, V., and Barinov, G. The combination of chemical weeding with 
foliar nutrition of spring wheat. (In Russian.) Sel’sk. Khoz. Sibiri 
1960 (6):35-36. June 

Bakke, A. L. Effect of a number of herbicides in the control of weeds 
in flax. Flax Inst. U. S. Papers 29:18. 1959. 

Behrens, R., and Soine, O. C. Evaluation of herbicides for weed control 
in flax. Flax Inst. U. S. Papers 29:17. 1959. 

Bell, R. S., and Larssen, E. Pre-emergent weed control in silage corn, 
1958-59. Noeast. Weed Control Conf. Proc. 14:364-366. 1960. 





WE EDS 


Bondarenko, D. D. Simazine and atrazine control weeds in corn. Ohio 
Farm & Home Res. 45 (3):43. May/June 1960. 

Bondarenko, D. D. Weed control by herbicides in field crops. Ohio 
State U. Agr. Ext. B. 398,48 p. May 1960. 

Chapman, L. S. Weedicide damage in ratoon Trojan. Queensland. Bur. 
Sugar Expt. Sta. Cane Growers’ Q. B. 23 (4)132-133. Apr. 1, 1960 

Chiapparini, L., and Corbetta, G. New experimental data on chemical 
weed control in rice. (In Italian.) Riso 9(4):10-12. Apr. 1960. 

Fertig, S. N. Preliminary results on the use of herbicides in legume 
establishment in small grains. Noeast. Weed Control Conf. Proc. 14:247- 
252. 1960. 

Flanagan, T. R. Influence of pre-emergence weed control on corn growth 
under droughty conditions. Noeast. Weed Control Conf. Proc. 14:228 
230. 1960. 

Gortlevskii, A. A., and Zhivilova, G. A. Use of herbicides in area undet 
grain crops. (In Russian.) Sel’sk. Khoz. Sev. Kavkaz. 1958 (7):29-33. 
July. 

Guzman Martinez, E. Ensayo sobre el uso de herbicidas en los cultivos 
de zanahoria y chicharo en el Valle de Tolucz, Mexico. Amer. Hort. 
Sci. Caribbean Region. Proc. 7:1-5. 1959. 

Kamilova, R., and Kirillova, N. M. Contribution to the study of the 
use of herbicides in cotton culture. (In Russian.) Khlopkovodstvo 
1960 (6):35-37. 

Kopeev, B. Acrochemical weeding of grain crops with 2,4-D in Kokchetav 
Region. (In Russian.) Sel’sk. Khoz. Kazakhstana 1960 (6):35-36. June. 

Kozhevnikov, S. G. Chemical weeding of grain plantings in Krasnoiarsk 
Territory. (In Russian.) Zashch. Rast. ot Vred i Boleznei 1960 (2):31. 
Feb. 

Last, F. T. Effect of cultural treatments on the incidence of Striga her- 
monthica (Del.) Benth. and yields of sorghum in the Sudan: field exper- 
iments 1957/8. Ann. Appl. Biol. 48 (2):207-229. Ref. July 1960. 

Meade, J. A., and Santelmann, P. W. Weed control in Maryland soy- 
beans. Noeast. Weed Control Conf. Proc. 14:253-258. 1960. 

Meggitt, W. F. Progress report on herbicides for weed control in corn 
and soybeans. Noeast. Weed Control Conf. Proc. 14:259-265. 1960. 
Minakov, N. A. Use of the herbicide 2,4-D in the care of corn. (In 

Russian.) Zemledelie 1960 (6):88-90. June. 

Monov, A. I. On time of herbicide application to fiber flax plantings. 
(In Russian.) Moskov. Ordena Lenina Sel’skokhoz. Akad. im. K. A. 
Timiriazeva. Dok. 47:139-145. 1959. 

Morgatskii, E. E., and Trigub, A. A. Chemical control of grassy weeds 
in sugar beet plantings. (In Russian.) Sakh. Svekia 1960 (2):18-21 
Feb. 

Muthuswamy, R. Control of Croton sparsiflorus Mor. in sugarcane fields 
by chemical method. Indian Sugar [Calcutta] 9 (12):691-692, 695-697. 
Mar. 1960. 

O'Neil, J. M. Don't let Melilotus contaminate your wheat or barley. 
So. Austral. Dept. Agr. J. 63 (12):526-532,551. July 1960. 

Padenov, K. Chemical weed control in corn culture. (In Russian.) 
Sel’sk Khoz. Sibiri 1960 (6):29-30. June. 

Petersen, H. I. Labor saving provisions in sugar culture. (In Danish.) 
Dyrker—Nyt 21:307-310. Apr. 1960. 

Rehbein, C. A., and Bates, G. A review of chemical weed control in 
North Queensland canefields. Queensland. Bur. Sugar Expt. Sta. Cane 
Growers’ Q. B. 24(1):27-29. July 1, 1960. 

Roth, H. E. Highly insoluble chemicals provide persistent preventative 
weed control. Sugar y Azucar 55 (8):28-29,43. Aug. 1960. 

Roth H. E. Up-to-date weed control in sugar cane. Internatl. Sugar 
J. 62 (740):207-209. Aug. 1960. 

Singh, G., and Saini, $.S. Wipe out wild rice from your rice fields. Indian 
Farming 10(3):6-7. June 1960. 
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Smith, R. J., Viste, K. L., and Shaw, W. C. Progress in weed control in 
rice production in the United States. Internatl. Rice Comn. News 
Let. 8 (3):1-6. Sept. 1959. 

Springer, F. B. The effectiveness of simazine and atrazine as pre-emer 
gence herbicides on corn in Delaware in 1959. Noeast. Weed Control 
Conf. Proc. 14:237-240. 1960. 

Vengris, J. Quackgrass [Agropyron repens] control in field corn. Noeast. 
Weed Control Conf. Proc. 14:370-373. 1960. 

Vengris, J. Weed control in field corn. Noeast Weed Control Conf. 
Proc. 14:367-369. 1960. 

Weigel, G. Bericht iiber die Ergebnisse der Versuche zur Uukrautbekimp 
fung in Getreide und Lein. Z. f. Landwirt. Vers. u. Untersuchw. 
69 (1):20-38. Ref. 1960. 

Westmoreland, W. G., and Upchurch, R. P. Chemical weed control in 
cotton. N. C. State Agr. Col. Ext. Ext. Folder 1788 p. Feb. 1960. 
Winner, C. Zur Rentabilitit von Pflanzenschutzmassnahmen im Zucker- 
riibenbau unter besonderer Beriicksichtigung der chemischen Unkraut- 

bekimpfung. Zucker 13 (12):306-311. June 15, 1960. 

Wyoming Agricultural Experiment Station. Weed control in sugar beets, 
(progress report 1959). Wyo. Agr. Expt. Sta. Mimeo C. 124,24 p. Jan. 
1960. 

Zhukhovitskaia, Z. V. Herbicide application on flax in relation to specific 
composition of weeds. (In Russian.) Zashch. Rast. ot Vred. i Boleznel 
1960. (2):25-27. 


2. Weeds in horticultural crops 


Ahrens, J. F. Chemical control of weeds in Taxus liners. Noeast. Weed 
Control Conf. Proc. 14:155-160. 1960. 

Alban, E. K. Herbicidal drift and horticultural crops. No. Cent. Weed 
Control Conf. Proc. 16:13-14. 1959. 

Bailey, J. S., and Lord, W. J. Control of the common brake, Pteridium 
aquilinum L., in lowbush blueberries with polyborchlorate. Noeast. 
Weed Control Conf. Proc. 14:60-65 1960. 

Bailey, J. S. Weed control in cultivated blueberries with diuron. No- 
east. Weed Control Conf. Proc. 14:49-54. 1960. 

Bell, R. S., and Larssen, E. Pre-emergent and post-hilling weed control 
tests with Katahdin potatoes, 1958-59. Noeast. Weed Control Conf. 
Proc. 14:201-206. 1960. 

Bing, A. Observations on weed control experiments in nursery and cut 
flower crops during 1959. Noeast. Weed Control Conf. Proc. 14:137-141. 
1960 

California Agricultural Experiment Station. 1960 pest & disease control 
program for grapes. Calif. U. Agr. Ext. L. 79, rev., 16 p.-folder. Jan. 
1960. 

Chappell, W. E., and Williams, G. Weed control studies in young apple 
orchards. Noeast. Weed Control Conf. Proc. 14:217-218. 1960. 

Dallyn, S. L., and Sawyer, R. L. Progress report on weed control in 
tomatoes, peppers, Carrots, onions, and cauliflower. Noeast. Weed Con- 
trol Conf. Proc. 14:107-110. 1960. 

Dallyn, S. L., and Sawyer, R. L. Results with Eptam on several vege- 
tables. Noeast. Weed Control Conf. Proc. 14:125-128. 1960. 

Doll, C. C. Chemical weed control in young grapes. Weeds 8 (3):368-373. 
July 1960. 

Durksen, D., and Howden, J. Weed control in special crops. Manitoba. 
Dept. Agr. & Conserv. P. 324,4 p. Mar. 1960. 

Grams, W. Praktische Erfahrungen zur Krautabtétung. Kartoffelbau 
11 (7):158. July 1960. 

Harrison, M. R., Meggitt, W. F., and Dupras, C. A. Control of annual 
weeds in Azaleas with granular herbicides. Noeast. Weed Control Conf. 
Proc. 14:161-164. 1960. 
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Hill, R. G., and Alban, E. K. Chemical solves vineyard problem. Ohio 
Farm & Home Res. 45 (3):36,47. May/June 1960. 

Hoog, G. T. OP "T. Use of simazin for small fruit. (In Dutch.) Groen- 
ten en Fruit 15 (46):1529,1531. May 12, 1960. 

Huglin, P. Les désherbants chimiques en viticulture. Fruits et Primeurs 
de l'Afrique du Nord 30 (308):36-40. Mar. 1960. 

Jong, J. Weed control. (In Dutch.) Nederland. Fruittelers Organ. 
Berbl. 16 (4):61. Apr. 1960. 

Kampen, J. Van. Chemical control of weeds in onions and shallots 
(In Dutch.) Groenten en Fruit 15 (41):1329. Apr. 7, 1960. 

Kristensen, R. Chemical control of asparagus weeds. (In Danish.) 
Landbonyt 14 (1):31-32,36. Jan. 1960. 

Kuznetsov, 8. Calcium cyanamide is a universal remedy. (In Russian.) 
Kortofel'i Ovoshchi 1960 (6):26. June. 

Lachman, W. H., and Michelson, L. F. Weed control in certain vege 
table crops, 1959. Noeast. Weed Control Conf. Proc. 14:196-200. 1960. 

Leefe, J. S., and Longley, R. P. The control of weeds around young 
apple trees. Weeds 8 (3):422-426. July 1960. 

Malev, I. Weeding with a solution of industrial sulfuric acid and kero 
sene. (In Russian.) Kartofel’ i Ovoshchi 1960 (5):44—45. May. 

Meadows, M. W., Shaulis N., and Flagg, C. V. Bindweed [Convolvulus 
spp.] control in Concord grapes, 1957-59. Noeast. Weed Control Conf. 
Proc. 14:71-76. 1960. 

Menges, R. M. Pre-emergence chemical weed control in cabbage. Rio 
Grande Val. Hort. Soc. J. 14:132-139. 1960. 

Moore, D. H., and Dorschner, K. P. Preliminary studies of Solan as a 
post-emergent herbicide for tomatoes. Noeast. Weed Control Conf 
Proc. 14:86-101. 1960. 

Moran, C. H. Progress report or weed control in processing tomatoes. 
Noeast. Weed Control Conf. Proc. 14:102-106. 1960. 

Noll, C. J. Chemical weeding of carrots. Noeast. Weed Control Conf 
Proc. 14:175-177. 1960. 

Noll, C. J. A progress report on the chemical weeding of sweet corn. 
Noeast. Weed Control Conf. Proc. 14:77-80. 1960. 

Oksenenko, P. Chemical weed control. (In Russian.) Kartofel’i Ov 
oshchi 1960 (5):46. May. 

Pirttila, H. Use of allyl alcohol for weed control in horticulture. (In 
Finnish.) Finland. Maatalouden Tutkimuskeskus. Maatalous ja Koet. 
14:219-227. 1960. 

Rahn, E. M., and Fieldhouse, D. J. Evaluation of several herbicides for 
strawberries. Noeast. Weed Control Conf. Proc. 14:55-59. 1960. 

Romisondo, P. Chemical weed control of fruit and grapes. (In Italian.) 
Colt. e Gior Vinic. Ital. 106 (6):183-185. June 1960. 

Runge, G. F. Nursery weed control. Noeast. Weed Control Conf. Proc. 
14:165—167. 1960 

Sandercock, T. A. Chemical weed control in vegetable crops and lawns 
Manitoba. Dept. Agr. & Conserv. P. 325.4 p. Mar. 1960. 

Sawyer, R. L., and others. Eptam for nut grass control in potatoes 
Noeast. Weed Control Conf. Proc. 14:111-112. 1960. 

Sawyer, R. L., and others. Lay-by weed control in potatoes. Noeast 
Weed Control Conf. Proc. 14:129-130. 1960. 

Schmadlak, J., Volkel, H., and Zahn, F. P. Die chemische Unkrautbek 
impfung in Baumschulkulturen. Deut. Gartbau. 7 (5).125-128. May 
1960. 

Schubert, O. E. Evaluation of five herbicides for killing established poison 
ivy in an apple orchard one and two years following a single treatment. 
Noeast. Weed Control Conf. Proc. 14:219-220. 1960. 

Schubert, O. E., and Hardin, N. C. Evaluation of several herbicides on 
tomato plants. Noeast. Weed Control Conf. Proc. 14:81-85. 1960 
Sevast’ianova, M. 1. Gerbitsidy v bor’be s sornlakami ovoshchnykh kul'tur 
[Herbicides in weed control of vegetable crops]. Moskva, Moskovskii 

Rabochii, 1959. 18 p. 
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Shaulis, N., and Crowe, D. New York trials in weed control over the 
whole vineyard floor. Noeast. Weed Control Conf. Proc. 14:66-70. 1960. 

Sweet, R. D. The status of weed control in red beets. Noeast. Weed 
Control Conf. Proc. 14:168-174. Ref. 1960. 

Sweet, R. D., Rubatzky V., and Cialone, J. Comparisons of EPTC and 
several analogs for weed control and vegetable crop tolerance. Noeast. 
Weed Control Conf. Proc. 14:113-122. Ref. i960. 

Talalov, E. A. Herbicides for weeds in onion and carrot plantings. 
(In Russian.) Zashch. Rast, ot Vred. i Boleznel. 1960 (2):23-25. Feb. 

Trevett, M. F., and Gardner, W. Annual weed control in carrots. Noeast. 
Weed Control Conf. Proc. 14:178-187. 1960. 

rrevett, M. F., Murphy, H. J., and Gardner, W. Control of annual weeds 
in potatoes. Noeast. Weed Control Conf. Proc. 14:207-213. 1960 

Trevett, M. F., and Gardner, W. E. Control of annual weeds in sweet 
corn. Noeast. Weed Control Conf. Proc. 14:188-195. 1960. 

rrevett, M. F. Control of sweet fern [Comptonia peregrina] and poplar 
in lowbush blueberries by contact application of 2,4-D and 2,4,5-T. 
Noeast. Weed Control Conf. Proc. 14:221-227. 1960 

Verlaat, j. G. Chemical control of weeds in onion seedbeds. (In Dutch.) 
Tuinbouwberichten 24 (3):59-61. Mar. 15, 1960 

Verlaat, J. G. Weed control in vegetables in May. (In Flemish.) Tuin 
bouwberichten 24 (5):106-109. May 15, 1960. 


3. Weeds in grasslands, including grass-legume pastures, 
rangeland, turf, lawns, and cemeteries 


Aaston, M. Control of woody plants in pastures and rangeland. No 
Cent. Weed Control Conf. Proc. 16:5-7. 1959 

Anikanova A. Variations in pasture vegetation brought about by treat- 
ment with the herbicide 2,4-D. (In Russian.) Sel’sk. Khoz. Kazakhstana 
1960 (6):27-31. June. 

Davis, R. R., and Bondarenko, D. D. New chemicals kill lawn weeds. 
Ohio Farm & Home Res. 45 (3):41,47. May/June 1960 

Engel, R. E., and Meggitt, W. F. A _ progress report of pre-emergence 
crabgrass control on lawn turf. Noeast. Weed Control Conf. Proc. 
14:304-307. 1960. 

Fertig, S. N., Meadows, M. W., and Bayer, G. The control of perennial 
weeds in established birdsfoot trefoil stands. Noeast. Weed Control 
Conf. Proc. 14:308-313. 1960. 

Giordano, P. M., and Defrance, J. A. Chickweed [Cerastium vulgatum) 
control in lawn turf with chemicals. Noeast. Weed Control Conf. 
Proc. 14:300-303. 1960. 

Granstrom, B. Weeds in grass and legume seed culture. (In Swedish.) 
Svensk Frétidn. 29 (5):60-64. May 15, 1960. 

Horn, G. C. Chemicals control weeds in your turf. Sunshine State Agr. 
Res. Rpt. [Fla. Sta.] 5(3):10-11,20. July 1960 

Kates, A. Lawn weed control. Va. Polytech. Inst. Agr. Ext. C. 820,4 p. 
June 1960. 

Larrea Alban, C. F. Represién de malezas en alfalfa (Medicago sativa 
L.). Acta Agron. [Palmira] 9 (34):113-151. Ref. July/Dec. 1959. 

Major, J., McKeli, C. M., and Berry L. J. Improvement of medusahead 
[Elymus caput-medusae] infested rangeland. Calif. U. Agr. Ext. L. 
123,16 p. folder map. Jan. 1960. 

Peters, R. A. Observations on the use of herbicides for renovation of non 
tillable pastures. Noeast. Weed Control Conf. Proc. 14:314-319. 1960. 
Peters, E. J., and Davis, F. 8. Control of weeds in legume seedlings with 
4-(2,4-DB) dalapon and TCA. Weeds 8 (3):349-367. Ref. July 1960. 
Rice, E. J., and Defrance, J. A. Post-emergence control with chemicals 
in lawn turf. Noeast. Weed Control Conf. Proc. 14:284-287. 1960. 
Santelmann, P. W., and Meade, J. A. Pre-emergence crabgrass control 

in lawns. Noeast. Weed Control Conf. Proc. 14:288-291. 1960. 

Schmidt, R. E., and Chappell, W. E. Crabgrass control studies in turf. 

Noeast. Weed Control Conf. Proc. 14:278-283. 1960. 
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Trew, E. M., and Long, J. Chemical weed control in lawns. Tex. Agr. 
Col. Ext. L-425,10 p.-folder. Jan. 1959. 

Trew, E. M., and Long, J. A. Weed control in cultivated pastures and 
meadows. Tex. Agr. Col. Ext. L-476,8 p.-folder. Dec. 1959. 

Vengris, J. Annual weed control in new grass-legume seedlings. Noeast. 
Weed Control Conf. Proc. 14:374-378. 1960. 

Wakefield, K. C., and Hull, R. J. Chickweed [Stellaria media] control in 
alfalfa seedings. Noeast. Weed Control Conf. Proc. 14:320-326. 1960. 
Wiltse, M. G. A new herbicide for turf-Zytron. Noeast. Weed Control 

Conf. Proc. 14:292-298. 1960. 


Weeds in specialized areas, including ditchbanks, canal ditches, fencerows, 
rights-of-way, irrigation ditches, and cities 


Button, E. F., and Wright, J. L. Comparison of certain weed killers for 
roadside weed control in central Connecticut. Noeast. Weed Control 
Conf. Proc. 14:511-519. 1960. 

Button, E. F. Progress report on rate and management studies for growth 
suppression of highway turf with maleic hydrazide. Noeast. Weed. 
Control Conf. Proc. 14:520-528. 1960. 

Chilton, J. E. Ditchbank weed control. Crop Comments 14(7):3. May 
1960. 

Ditton, A. M. Herbicide work accomplished on New York State high- 
ways in 1959. Noeast. Weed Control Conf. Proc. 14: 533-542. 1960. 
Goodwin, R. H., and Niering, W. A. The management of roadside vege- 
tation by selective herbicide techniques. Conn. Arboretum. B. 11:4-10. 

Mar. 1959. 

Iurka, H. H. Interim report on herbicides for roadsides. Natl. Res. 
Council. Highway Res. Bd. Comt. Roadside Devipmt. Rpt. 1960:2-3 

Johnson, E. G. Vegetation control on naval facilities served by the Area 
Public Works Office. Noeast. Weed Control Conf. Proc. 14:439-444. 
1960. 

Schofield, G. Chemical control of vegetation under guide rail District 2, 
New York State Department of Public Works. Noeast. Weed Control 
Conf. Proc. 14:529-532. 1960. 

Trumbo, H. A., and Chappell, W. E. Techniques involved in the use of 
chemicals for establishing wiidlife clearings. Noeast. Weed Control 
Conf. Proc. 14:454-459. 1960. 

Wiersema, P. Weeds along the waterways. (In Dutch.) Landbouwmech- 
anisatie 11 (4):259,261,263. Apr. 1960. 


5. Woody plants 


Boyd, W. I., and Poulos, P. L. Brush control with spot applications of 
fenuron in the Northeast. Noeast. Weed Control Conf. Proc. 14:398-405. 
1960. 

Byrnes, W. R. Long term evaluation of chemical brush control on a 
power line right-of-way. Noeast. Weed Control Conf. Proc. 14:422-429. 
1960. 

Chappell, W. E., and Sayre, R. E. The use of certain combinations of 
herbicides for brush control. Noeast. Weed Control Conf. Proc. 14:419- 
421. 1960. 

Jeffers, W. A. Late season foliage applications of amino triazole and 
amino triazole—benzoic combinations [3, 6-TBA] on black locust. Noeast. 
Weed Control Conf. Proc. 14:383-392. 1960. 

Joubert, J.G. V. Bush encroachment a serious problem in S.-W.A. Farm 
ing So. Africa 36 (4): 20,22. July 1960. 

Noyes, J. H. Spot treatment of fenuron and monuron to control ground 
juniper [Juniperus communis L]}. Noeast. Weed Control Conf. Proc 
14:450-453. 1960. 

Smith, R. N. Application of “Dybar” fenuron weed and brush killer 
to a right-of-way in northern Maine. Noeast. Weed Control Conf. 
Proc. 14:379-382. 1960. 
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6. Aquatic weeds 


Cortell, J. M. Re-evaluation of the concentrations required for effective 
aquatic weed control with silvex. Noeast. Weed Control Conf. Proc. 
14:478-482. 1960. 

Flanagan, J. H. A review of simazine for aquatic weed control. Noeast. 
Weed Control Conf. Proc. 14:502-505. 1960. 

Greeley, J. R. A new 2,4-D amine pellet for eradication of water chest- 
nut [Trapa natans]. Noeast. Weed Control Conf. Proc. 14:488-495. 
1960. 

Hall, W. C. Control of various aquatic weeds with silvex. Noeast. Weed 
Control Conf. Proc. 14:476-477. 1960. 

Huckins, R. K. Aquatic weed control, Carnegie Lake, Princeton, New 
Jersey. Noeast. Weed Control Conf. Proc. 14:496-501. 1960. 

Kessler, S. Eradication of blue-green algae with copper sulfate. Bamidgeh 
21(1):17-19 Mar. 1960. 

Neururer, H., and Slanina, K. Chemische Bekimpfung unerwiinschter 
Teichpflanzen mit besonderer Beriicksichtigung der Fischtoxizitdt von 
Herbiziden. Pflanzenschutzberichte 24 (8/10):139-162. Ref. June 1960. 

Woodforde, A. H. Rivers blocked by reed sweet grass (Glyceria maxima). 
Tasmanian J. Agr. 31 (2):189-190. May 1960. 


7. Specific weeds 


Allen, T. J., and Dollahite, J. W. Getting rid of tumbleweeds. Tex. 
Agr. Prog. 6(4):10,22. July/Aug. 1960. 

Bela, S. La lutte contre la cuscute du trefle au moyen du produit DNOC 
(Sandolin). (In Rumanian.) Prob. Agr. [Bucharest] 12 (7):23-28. Ref. 
July 1960. 

Christie, G. A. Nut grass [Cyperus rotundus]. Queensland. Bur. Sugar 
Expt. Sta. Cane Growers’ Q. B. 23 (4):116-117. Apr. 1, 1960. 

Duich, J. M. Pre-emergence crabgrass results in Pennsylvania — 1959. 
Noeast. Weed Control Conf. Proc. 14:268-270. 1960. 

Durfee, J]. W., Lachman, W. H., and Lincoln, W. C. Control of northern 
nutgrass with Eptam and atrazine. Noeast. Weed Control Conf. Proc. 
14:214-216. 1960. 

Eleazer, J. M. Contrarresto de la estriga [Striga asiatica]. SCRAL 6 (66): 
222-225,228. June 1960. 

Fertig, S. N. 1959 results of chemical treatments on quackgrass (Agropy- 
ron repens) control. Noeast. Weed Control Conf. Proc. 14:343-352. 
1960 

Forsberg, D. E. Control of hard to kill annual weeds. No. Cent. Weed 
Control Conf. Proc. 16:10-12. 1959. 

Gonzalez Franco, J. Represién de la maleza Echinochloa colonum (L.) Link 
(liendre de puérco) en arrozales. Acta Agron. [Palmira] 9 (34):203-225. 
Ref. July/Dec. 1959. 

Gustafsson, H., and others. Eradicate wild oats. (In Swedish.) Foérsék 
och Forsk. 17 (6):49-55. 1960. 

Hamilton, K. C., Arle, H. F., and McRae, G. N. Control and identifi- 
cation of crop weeds in southern Arizona. Ariz. Agr. Expt. Sta. B. 296, 
rev., 67 p. May 1960. 

Holz, W., and Richter, W. Erfahrungen bei Duwockbekimpfungsversuchen 
mit MCPB-Mitteln auf Wiesen. Gesunde Pflanzen 12 (7):162-164. 1960 

Kruger, H. Bisherige Ergebnisse der Queckenbekampfung mit Na-Tri- 
chloracetat (Na-TCA) im Obstbau. Deut. Gartenbau 6 (6):151-155. 
June 1959. 

Lebaron, H. M., and Fertig, §. N. Relationships between control of 
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Noeast. Weed Control Conf. Proc. 14:357-362. 1960. 

Leggett, H. W. The control of wild oats [Avena fatua]. No. Cent. Weed 
Control Conf. Proc. 16:7-9. 1959. 
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Mallmann, R. J. De, and Duprat, A. La destruction tardive des mau- 
vaises herbes résistantes aux hormones. Phytoma 12(116):27-28. Mar. 
1960. 

Marinos, N. G. The control of soursob (Oxalis pes-caprae) with Vapam. 
Austral. Inst. Agr. Sci. J. 24 (3):259-261. Sept. 1958. 

Matthews, L. J. Weed identification and control. New Zeal. J. Agr. 
101 (1):19. July 15, 1960. 

Misra, A. P. Chemical control of certain obnoxious weeds. Bihar Acad. 
Agr. Sci. Proc. 6/7:77-85. 1957/58, pub. 1959. 

Morrill, G. W. New Hampshire ragweed [Ambrosia] control. Noeast. 
Weed Control Conf. Proc. 14:430-434. 1960. 

Mower, R. G., and Cornman, J. F. Pre-emergence and post-emergence 
crabgrass control. Noeast. Weed Control Conf. Proc. 14:271-277. 1960. 

Moss, G. R. Gorse, a weed problem on thousands of acres of farm land 
New Zeal. J. Agr. 100 (6):561, 563, 565, 567. June 15, 1960. 

Pachikin, V., and Kozlov, A. Chemical control of the Russian Centaurea 
(In Russian.) Sel’sk. Khoz. Kazakhstana 1960 (6):43-44. June. 

Raleigh, S. M. Quackgrass control is tough problem. Sci. Farmer [Pa. 
Sta.| 8(1):10. Summer 1960. 

Rehbein, C. A. Prickly cucumber [Cucumis metuliferus] control. Queens 
land. Bur. Sugar Expt. Sta. Cane Growers’ Q. B. 24(1):10-12. July 1, 
1960. 

Richter, W. Erfahrungen bei der Bekimpfung des Sauerampfers (Rumex 
acetosa L.) mit 2,4-D-und MCPA-Wuchsstoffen. Praxis u. Forsch. 
12 (7):170-171. July 23, 1960. 

Rochecouste, E., and Vaughan, R. E. Bidens pilosa Linn. Mauritius 
Sugar Indus. Res. Inst. Weeds Mauritius. L. 1,4 p. July 1959 

Rochecouste, E., and Vaughan, R. E. Cassia occidentalis Linn. Mauritius 
Sugar Indus. Res. Inst. Weeds Mauritius. L. 2,4 p. Oct. 1959 

Rochecouste, F., and Vaughan, R. E. Oxalis latifolia H. B. K. Oxalis 
debilis Kunth. Oxalis repens Thunb. Mauritius Sugar Indus. Res. 
Inst. Weeds Mauritius. L. 3,7 p. Dec. 1959. 

Selleck, G. W. Perennial weeds, cultural and chemical control. No 
Cent. Weed Control Conf. Proc. 16:9-10. 1959. 

Wiese, A. F., and Rea, H. E. Field bindweed (Convolvulus arvensis) 
control with soil applications of phenoxy herbicides. Weeds 8 (3):418—421 
July 1960. 


C. Biological 


Johnson, C. Management of weeder geese in commercial fields. Calif 
Agr. 14(8):5 Aug. 1960. 

Johnston, A., and Peake, R. W. Effect of selective grazing by sheep on 
the control of leafy spurge (Euphorbia esula L.) J. Range Mangt 
13 (4):192-195. 


IV. CHEMICAL AND BIOCHEMICAL INVESTIGATIONS 


Borkowski, B. Chromatographische Untersuchung der Alkaloide von 
Zygophyllum fabago L. (In Polish.) Poznan. Panst. Inst. Nauk 
Leczniczych Surowcéw Roéslinnych. B. 5 (34):158-168. Sept./Dec. 1959 

Chayen, J., and Benfield, A. H. The use of homogenization procedures 
for extracting nuclei from plant cells. Expt. Cell Res. 20(1):172-181 
Ref. June 1960. 

Deszyck, E. J., and Ting, 8. V. Sugar composition, bioflavonoid content, 
and pH of grapefruit as affected by lead arsenate sprays. Amer. Soc 
Hort. Sci. Proc. 75:266-270. Ref. June 1960. 

Gigger, R. P., and Flanagan, J. H. A report on atrazine post-emergence 
in corn; weed control and corn plant residue analyses. Noeast. Weed 
Control Conf. Proc. 14:231-236. 1960. 

Harada, Y., and others. The effect of antipiriculin-A and phenyl met 
curic acetate on the nitrogen metabolism of Piricularia oryzae. (In 
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Japanese.) Phytopath. Soc. Japan. Ann. 24(5):265-272. Ref. Dec 
1959 

Harada, Y., and others. The inhibitory effect of antipiriculin-A and some 
fungicidal chemicals on the organic acid and energy metabolism of Piri 
cularia oryzae. (In Japanese.) Phytopath. Soc. Japan. Ann. 24 (5):255 
264. Ref. Dec. 1959. 

Oheocha, C., and Haxo, F. T. Some atypical algal chromoproteins. Bio 
chim. et Biophys. Acta 41 (3):516-520. Ref. July 15, 1960. 

Tomita, M., Yang, T. H., and LU, S. T. Studies on the alkaloids of 
berberidaceous plants. XXIV-XXVI. (In Japanese.) Pharm. Soc 
Japan. J. 80 (6):845-851. June 1960. 

Vorob’ev, F. K. In regard to selective inhibition of 2,4-D of protein 
synthesis in plants. (In Russian.) Moskov. Ordena Lenina Sel'skokhoz. 
Akad. im. K. A. Timiriazeva. Dok. 47:117-123. 1959 

Zenk, M. H. Enzymatische Aktivierung von Auxinen und ihre Kon 
jugierung mit Glycin. Z. f. Natforsch. 15b (7):436-441. Ref. July 1960. 


V. SpeciaL CHARACTERISTICS OF WEEDS 
\. Poisonous Plants and Their Control 


Keene, K. B. Poisonous plants as likely cause of stock deaths. New. Zeal. 
Meat Prod. 4(10):24, 27. July 1960. 

Muenscher, W. C., and Kingsbury, J. M. Poison ivy [Toxicodendron 
radicans| and poison sumac [Rhus vernix]. N. Y. State Col. Agr. (Cornell 
U.) Ext. Corneli Ext. B. 191, 12 p. May 1960 

Iucker, J. M., and others. Poisonous larkspurs [Delphinium|): identifica 
tion and control. Calif. U. Agr. Ext. L. 129, 12 p.-folder. June 1960 


B. Uses of Weeds 


Hoveland, C. S. Bermudagrass [Cynodon dactylon] for forage in Alabama 
Ala. Agr. Expt. Sta. B. 382, 22 p. Ref. Aug. 1960 

Monachino, J. The common horsetail. Gard. J. 10(4):132, 151-152. 
July/Aug. 1960. 


( Pathological and Entomological Relationships 
VI. NATURE AND Properties OF CHemicats Usep as Hereiciprs 


Berezovskii, M. IA. Slightly-volatile esters of 2,4—dichlorophenoxyacetic 
acid as herbicides. (In Russian.) Moskov. Ordena Lenina Sel'skokhaz. 
Akad. im. K. A. Timiriazeva. Dok. 47:109-115. Ref. 1959 

Drees, H. Wirkstoffgruppen fiir Pflanzenschutzmittel. Gesunde Pflanzen 
12 (6):117-121, 138-140, 142-145. June 1960 

Faillet, P. Neburon, diuron, monuron, dalapon, leurs propriétés et leurs 
applications pratiques. Défense des Veg. 14(80):3-8. Mar./Apr. 1960 

Fryer, J. D. Field evaluation of selective herbicides. Span 3 (2):53-57, 
1960. 

Greaney, F. J. Weed-killing chemicals. Canad. Milling & Feed 41 (8):30-31 
Aug. 1960. 

Krewson, C. F., and Saggese, E. J. Chemistry of some amino derivatives 
of 2,2-dichloropropionic and 2,3,6-trichlorobenzoic acids. Weeds 8 (3) 
407-412. July 1960. 

Linser, H., and Kirschner, R. Gegensitzliche Selektivitiét von 24—-D-—Na 
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Meadows, M. W. Promising new chemicals for weed control. Noeast 
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Netherlands. Plantenziektenkundige Dienst. Bericht over onkruidbestrij 
dingsmiddelen [Report on some herbicides]. Netherlands. Plantenzick 
tenk. Dienst. Ber. 1365.12 p. Feb. 1960. 

Netherlands. Plantenziektenkundige Dienst. Het doodspuiten van het 
loof van pootaarrdappelen [Killing of potato vines through spraying] 
Netherlands. Plantenziektenk. Dienst. Ber. 1407.3 p. June 20, 1960 





WEEDS 





$22. 
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Moskov. Ordena Lenina Sel’skokhoz. Akad. im. K. A. Timiriazeva. Dok. 
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Dedolph, R. R. A suggested method for handling data obtained with an 
exponential (variable dosage) sprayer. Amer. Soc. Hort. Sci. Proc. 
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